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FURTHER STUDIES OF LIQUID ASPHALTIC 
ROAD MATERIALS 


BY THE DIVISION OF TESTS, U.S. BUREAU OF PUBLIC ROADS 


Reported by R. H. LEWIS Associate Chemist, and W. O’B. HILLMAN, Assistant Highway Engineer 


Public Roads on A Study of Some Liquid Asphaltic 

Materials of the Slow-Curing Type,' it was shown that 
the action of sunlight, heat, and air on these materials 
when exposed in relatively thin films produced residues 
with physical and chemical characteristics differing 
creatly from those of the residues developed in the usual 
laboratory heat tests. It was also shown that when these 
materials were mixed with a standard sand, molded into 
cylinders by the Hubbard-Field method, and subjected 
to the same exposure conditions as the thin films, they 
developed stability, or bonding strength that could not 
be attributed entirely to the loss of volatile matter. 


[ A REPORT recently published by the Bureau of 


MATERIALS STUDIED TYPICAL OF ALL CLASSES OF LIQUID ASPHAL- 
ric MATERIALS FROM PRINCIPAL PRODUCING AREAS 


The materials used in the earlier investigation were 
slow-curing liquid asphalts. They were the products of 
10 refineries located in the far and middle West. In fur- 
ther studies conducted in 1933, that are the subject of 
this report, 32 materials typic al of the slow-, medium-, 
and rapid-curing types of liquid asphaltic materials were 
used. ‘These samples are identified in table 1 and were 
the products of 25 refineries located in all sections of the 
country and probably were made from petroleums of 
widely different bases and by various refining processes. 


TABLE 1.—Products tested 


eee ratory a Pro- Refin- Location of Remark 
1M- material ducer ery refinery 
er 
1 H26 SC-2 1 1 Oklahoma 
: i354 SC-2 2 2 Missouri 
10 SC-2 2 3 Illinois 
4 ts] sCc-3 3 4 do 
6425 sc-3 ; W yoming 
O45 SC-3 4 6 Arkansas 
4 SC-2 5 7 do... 
8 s SC-2 6 8 | Oklahoma... 
} 19 SC-2 7 9 West Virginia ad 
34 SC-2 s 10 Rhode Island 
200 «2 SC-1 rt) 11 Louisiana 
ed ot SC-2 uv ll — 
ed 2¢ SC-3 9 11 do... 
it SC-2 2 12 | Indiana. 
i I SC-2 2 13 Wyoming 
6 SC-2 2 l4 ee 
i SC-2 10 15 Indiana.-- Included in 1932 ex 
2 posure 
: SC-2 10 16 Llinois_-__- do 
“od SC 2 ll a do 
< SC-2 12 18 | California-- do 
= SC-2 13 19 Sa Steam-reduced Cali 
” 2. 28C-3 13 a ae fornia residual oil 
4 SC-2 7 20 South Carolina 
—* RC-2 14 21 New Jersey 
of ate ?RC-2 3 7 ae 7 
st" RC-2 2 12 | Indiana------ 
-* *MC-1 2 + 2 oe ae 
9 RC-2 7 23 | Maryland_- 
30 RC-2 15 24 ee 
its MC-2 16 25); W yoming 
39 . MC-2 2 13 ae 
AP esa MC-2 13 19 | California.._._- 
. paral v < vas below specification limit. 
\Demsteet is above specification limit 
Bis nae stillation residue was below specification limit. 
R. H. Ley W. O’B. Hillman, Pusiic Roaps, June 1934, vol. 15, no. 4. 


As shown in table 1, 23 of the materials were of the 
slow-curing type, of which 4 samples were tested in 
1932 and were included in this study for comparative 
purposes. Four were of the medium-curing type and 
five were rapid-curing products. They met the pro- 
visional specifications, as given in table 2, of the Bureau 
of Public Roads and the Asphalt Institute, except as 
noted in table 1. Samples 21 and 22 were the only 
slow-curing products for which there was any definite 
information as to origin or method of manufacture. 
Both of these materials were steam-reduced California 
residuals without subsequent blending. All of the 
rapid-curing products were prepared from 85-100 pene- 
tration asphalt and solvent naphtha. The composition 
of sample 27 was unknown but the other medium-curing 
products, samples 30, 31, and 32, were, respectively, 
110-120 penetration asphalt, 94+ asphaltic road oil, 
and 100-120 penetration asphalt fluxed with a heavy 
grade of kerosene. These three medium-curing mate- 
rials, although subjected to all of the laboratory tests, 
were exposed only under special conditions that are 
described later in this report. 


TABLE 2.—Specification requirements for grades of liquid asphaltic 
oad materials investigated 


SC-1 | SC-2 | SC-3 | MC-1] MC-2/ RC-2 


Flash point, °F 50+ 200+ 200+ 150+ SU+ 
Furol viscosity at 77° F., seconds 20-150 40-150 |... 7) (emer 
Furol viscosity at 122° F., seconds 200-320 ...|..-----.|200-400 
Furol viscosity at 140° F., seconds 150-300 ...-| 150-250 
Total distillate to 437° F., percent 
by volume-. as 2— 2- 10— 2- 10+ 
Total distillate to 600° F., percent 
by volume — 15 i0— 25+ 10-20 20+ 
Total distillate to 680° F., percent 
by volume 50 25- 20- 50— 27— 35— 
Tests on distillation residue 
Float at 122 E. , seconds 50 25+ 25+ — SS, Sree en 
Penetration at 77° F , 70-300 | 100-300 | 60-120 
Ductility at 77° F., centimeters : 60+ 60+ 60+ 
Soluble in C82, percent 19.0+ | 99.0+ | 99.0+ '99.5+ | 99.5+ | 99.5+ 


The test procedure followed that of the 1932 study 
except that the fixed-carbon test was omitted as the 
changes in inherent characteristics that occurred under 
laboratory and exposure conditions appeared to be ory 
strikingly illustrated by the test for solubility in 86° B. 
- naphtha. Two new tests were added. The Oliensis 
test? for heterogeneity was made on the original 
materials and on all of the residues, except those from 
the 50-gram oven-loss test and the 10-week exposure 
test, and the original materials were examined micro- 
scopically. The results of the tests on the original 
materials are given in table 3 and a detailed analysis 
of the residues obtained in the routine laboratory tests 
is given in table 4 


2 A qualitative test for determining t he leg ree of heterogeneity of asphalts. G. L 
Oliensis, Proc. A. S. T. M., vol 3, ep 715-728 
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TABLE 3.—Results of tests on original materials 
o oO = Distillation Loss at 325° F., 5 hours 
wn c yes 
Furol i sa 5 Asy 
viscosity | 8) = | < = Distitateby |2 | = ' = re 
~ = S a 3 oe ry iS = distill ae i 2 0-gram sample 20-gram sample 
? = = Ss © : . = ~y aS 
ae ~ =\/s3 | 8 | & | Micro-| _ |e || Ss N | ss 
s ~ A Z Pe ~ scopic a > ~ B la » a OM 2 [ms ~ 
8 ed é = % b smear & x = x of C = _ “ cum r 
=s\= ro Je Se Be test M 2 SI < 2 16 )°se 5 152. 5 
S|@ifikiclei#|ai2iz Sle lela le leAl & ex| S$ | gy | &: ens. @ 3." 
= OL Ss ate & ics = = 2 2 = me m — =~ = a Bho & 4 oS hes lots See haat 
Cy Z = e 2 o = = 2 ¢ on © ° So oe — =—- | Snr S : at oSic a os 
Bl Sielzi8§|sis)/2)2] & 2i15\8/3/\22 eis ws | 2 isk] » le |s8el o lz 
ep el zlelelelsl Fl ela ElelelelsiB (Sit l2 | SLES | Sis |Sh=| 8 Is 8 
wml wm & om < < OC O = * = < < < < = Nn — > R« me ow = os ~ 
sec. | Sec. |Pct.| Pct. | Pet ° F. | Pet.| Pet. Pct. Pet. Pet.| Pct.: Pet Se Pet. | Sec Pet. Sec 
1 204; 146)_.-.| 0.22) 6.3) Hl | Clear...|680+)_.._|_...|__- 2.8| 28 24 0.5) 24 0.8 27 
2 303; 130/0.19, 1.11) 26.1) HE {___. 2... 600 8.0 6.4 4.6, 11.009, 911 1. 514¢ 60 3.5) 35 6. 6 57 
3 a74; 338; .11| .4) 2.8) BF i........- 628 3.0 2.4) 4 ‘ 6.8) 926 1. 524¢ 43 2.6 30 4.6 38 
4 404; 174| .13| .47| 16.5) Ht |___.__...|625 --| 2.0) 1.7) 4.0) 5.7|_._..|1, 5120 46 2.6 39 4.5 51 
5 331; 160... .10| 13.7| H Clear 525 1310.0 8.6) 5.0 13.6) , 886 1. 4930 58 5.1, 36 8.6 7 
6 335, 170 - .09, 9.4) O _do 594 .---| 3.0] 2.5) 49) 7. 4/...../1. 4704 2 3.0) 17 4.9 20 
7 181! 104)- .11, 10.6) SH do 515 7.0.20.5 18.3) 5.1) 23.4 .868 1.4809 ¢ 8.0) 18 14.3 34 
t 277, +146 -09; 6.7, O . eS fee ee 2.0) 1.6 48 6.4 1, 4748 2 2.1! 2 3.3 27 
i) 175 87) .38) 2.30) 18.1) HT {_........ 500 1.0) 7.0) 5.6) 5.3) 10.9) , 864 1. 4858 44 4.4 2 6.9 45 
10 197; 110)....| .10) 13.9) O Clear... 450 3.019. 5|16.9) 5.4) 22.3) . 837.1. 4615 87 12.7 42 16. 6 74 
ll 50 31 .20; 7.6, H do 520 7.5 22.0'20.5) 4.5) 25.0) .956 1. 544 34 8&8 10 15. 2 20 
12 | 182; 100 .09 10.7, O do 525 2. 5/13. 5 12.2) 5.7| 17.9) . 866 1. 4770 38 6.6 18 10.2; 27 
13 406 195 .09 11.3) H do... 600 5.5!) 4.8) 4.5) 9.3) .958/1. 5460 7 3.7| 30 6. 2 s6 
14 278| 124) .09) .09) 17.6) H |. ... 665 - 5.1 1, 5268 3e 2.4) 31 4.2 39 
15 | 219 == .08' 11.65 O Clear 580 15.4) . 871 1. 4785 41 5.0 24 8.6 0) 
16 | 217| 115/..--| .11} 9.6) SH do 670 6.8 1. 475 2 1.9] 17 3.5 24 
17 205; 110) .17| 2.17 16.1; B .-.-|536 20. ¢ 853'1. 4714 { 8.8 42 14. 1 112 
18 199 106\....| .11| 4.6) SH | Clear_../482 17.7) .8211.4529 60 10.7) 2 15. 6 : 
19 320; 137| .08) 2.88) 25.8) H 599 9.9) ,937\1. 5364 4.9 48 7.9 79 
20 300 149 08; 7.5 SH | Clear 76 13.9) . 849 1. 4665 0 6.0' 34 &.3 52 
21 293; 137 06 5.4 O do. 580 14.5) . 890/1. 4859 $1 5.7| 26 10.7 9 
22 768) 331). 09, 6.5, O do 600 9.8) . 889 1. 4852 nf r 42 77 re 
23 123 63. .07, 7.9) H do 530 11.5 . 882 1. 4904 2 5 22 9.1 30) 
24 | 241 133}... .-10) 17.3) H do 332 24.8 . 79911. 4420 76 20.6 Z| 22. Zi. S 
25 g aa; 220).... .15| 20.9) O do... 250 23.8: . 763)1. 420 7¢| 21.5 99 22.4 ‘ 
26 | . 948 351} 185/....) .11| 18.2) O do... (370 23. 4) . 782 1. 4321 84 20.7 113, 22.4 
27 9) 47 30)....| .1ll] 145) H do... |420 J al 3 30.1) . 829 1. 4608 7| 22.1! 100 27.8 
28 | . 9 303} 170|-...| .19| 17.6} O do 270 10. 5)18. 0 2 1.5) 21.1) . 763/1. 425¢ 65 19.8 85, 20.4 
29 | .96 7| 260) 148)....| .13) 20.8) H do -|15. 0)21. 0/25. 5/27. 2.5| 23.5) . 751\1. 415¢ 72| 21.1 94 21.9 
30 | .978 200 39} 350) 173)-- .09 20.8) H do a i... 12 26 4 25.6) . 837/1. 4668 81 17.6 186 23. 8]. 
31 | .994) 205 37; 431) 216)....| .12) 19. : H .do 450 7 7 2.9, 20.2. .827,1. 4600 205, 14.5 144 19. 1 
32 | . 968) 195 25; 331; 162)....|, .15| 10.5| SH do 360 3.5 21.0 17. 9 4.2 22.1 .831 1. 4568 2908 13.6. &7 18.5 
1H = Heterogeneous; O= Homogeneous; SH =Slightly heterogeneous. 
DISTILLATION CURV ES CLEARLY DISTINGU ISH SLOW-, MEDIUM.-, si hs at por tion of the total loss i in the dis till; ation test 
AND RAPID-CURING MATERIALS f 
designated as loss on cooling depends upon the amount o! 
The distillation curves for the various materials, | material boiling off immediately above 680° F. Aswould 
plotted in figure 1, serve to distinguish the three classes 


of materials according to their curing properties. It | 
will be noted that the initial boiling points of the slow- 
curing products, samples 1 to 23, inclusive, were all 
above 450° F. and in only two instanc es were they less 
than 500° F. The medium-curing materials, 
27, 30, 31, and 32, had initial boiling points as low as 
360° F. with none above 450° F.; and the rapid-curing 
products, samples 24, 25, 26, 28, and 29, all had initial 
boiling points below 370° F. 

With all three classes of materials, the percentage of 
distillate increased as the temperature increased but 
not at the same rate. For the slow-curing materials 
the rate continued fairly uniform up to 680° F., but’ 
with the medium- and rapid-curing products it de- 
creased as the temperature approached 680° F. The 
decrease in rate was more pronounced for the rapid- 
curing products. The rate of distillation may be 
illustrated by expressing the amount of distillate off at 
any temperature in terms of the total distillate | 
recovered at 680° F. For the medium-curing materials 
the amount at 600° F. was 65 to 85 percent of the total. 
For rapid-curing materials the amount was 0 to 50 
percent at 374°F., 41 to 85 percent at 437° F., and 88 
to 94 percent at 600° F. The residues from the dis- | 


samples 


tillation of the slow-curing products were all fluid, while | 


those of the medium- and rapid- curing materials were 
semisolid. 
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be expected from the slope of the distillation curves, this 
'loss was greater for the slow-curing products than for 
the medium- and rapid-curing products. 


It ranged 

from 1.2 percent to 5.8 percent with an average of 4.5 

percent for the slow-curing products, from 2.9 percent 

to 4.2 percent with an average of 3.4 percent for the 

medium-curing products, and from 1.5 percent to 3.1 

percent with an average of 2.2 percent for the rapid 
| curing products. 

The total volatile matter in the slow-curing 1 iterials 
as determined by the distillation test, including both 
the distillate recovered and the loss on caeting ranged 
from 2.8 percent to 25 percent with an average of 13.5 


percent for the group. The average loss on cooling of 


4.5 percent actually represented 36 percent of tlie tot 
| volatile matter in the average slow-curing mate! ia used 
in this study. While this loss on cooling may be 
| unimportant in estimating the relative volatility 0! 
| Various liquid asphalts, it must be conside: { the 
results of the distillation test are to be compared 
directly with the results of other laboratory av¢ 


| exposure tests. 
| The different classes of 


readily 
identified by 


materials are als 


the results of the volatilization an¢ 
| asphaltic -residue tests. The slow-curing products lost 
in the 50-gram volatilization test from 53 to 76 per 
cent, the medium-curing products from 73 to 80 per 
leent, and the rapid-curing products from ‘2 to “! 
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PaBLe 4.—Results of tests on laboratory ré 
Distillation Loss at 325° F., 51 Asphaltic residue 
Pests on residue i0-gram sample 20-gral mpl Tests on residue 
rests on residue t 
Ductil- ml ge Ductil- a eS) 
ity at 5 O oO D , ity at 5 O Ss 

Pene- centi- = c a > ng me Pene- centi- a sa eo 

tration meters a =| 5 ee gob: > : : S ration meters = — re} 

permin- | = = <= Price Boop - . per min- | = = = 

ute eis|s ee eee x |‘ S ute sis|és 

= = = per min- = = = = 

7. F it c 7 Z . 

=| &| & as < = & = 

= a a Pal r= . = ola ; cé o. - u ue 2. 

si|zi* ig |g |g ~i/si|s| ® eis is |e e (°@\s- 1S°| & 22 \3 «i|sigs|*4 

B SN ls] -3] & e/ s/s lie S& e NIE igs ‘| A ea Ea = 

: mS) we! elels eRe Fg. 2 3 Bim 2) Fs ej2|/s 

2 sas -~|/s | 6] 8| <3 g |e |Ruslee | 8 | & 2 ze Sei Sif is) § | 6] s 

- on o - ~ - = — ~- _ ° - - = j ~ - - + = ~ + ~ = 

C ra es ia \< - < S = = wm nm < Z = = ot | Ee (Ge - “s = wi ia < T =< =< © O = 
I Sec F.'! Cm | Cm | Pet. | Pet. | Pet. | Pet. | S¢ F’.| ¢ Cm Pet. Se Pet. | Pet.| Pct.| Pet F.|Cm | Cm | Pet. | Pet. | Pet. 
2.8 24 0.10 6.9; 0.5) 24 0.8) 27 ( 3.7) 28.1) 96 37) 121) 40 3. 5. - 0.19) 24.9 
9 Ou 0. 16 81) 32.2) 3.5 6. ¢ 7 0. 23 28 25 1x 15 109)110-4 0 0.16 2.16 35.2 
s 1 17 41 24.3) 2.6 A) 4. tal ) 23.7; 28.3, 105 15; 107)110+4 0; .16) 1.50) 32.5 
4 4 l 34 21.0 2. 6 19 4.5 5 .7| 2 107 18 108 110-4 0} .19) 1.62) 25.5 
5s 17, 16.1 1 ( &. r + 18.9 29.4 105) 28) 113/100 4.5 .12| 24.2 
{ 2) Os 10.9 3.0 7 19 x Q| 37. ¢ 99; 41) 1161104 5.0 14. 22.6 
7 H 62 13; 14.5, 8.0 1s 14 34 2 22 92 28 118)1104 5 oi] ama 
s i 27 10; 7.8; 21) 25 } 27 4.7 100 34. «(114) 583 3.8 . 15) 22.1 
4 1} 2.37) 24.1) 4.4) 29 6.9 45 i iv 21.7 ( Sf 17, 110)113 0} .55) 3.81) 28.5 
( 2 s 11, 18.3, 12.7 42 16. ¢ 74 8 34.1 106 35; 117) 98 6.0 - . 12) 25.6 
$4 09 10.3, B.S 10 2| @ } 2 46.5 84 2 113 110+ Ae -03) 21.1 
2 s 12 12.7 6.6 18 10.2; 2 4, 38.2 17 35 «119 1104 6.5. - 12) 24.7 
10]; 11.7] 3.7 30) 6.2 sf 4 33.2; 9g 27 1151104 1.0- 09; 22.7 
$ l 15. 18.0; 2.4 12 39 2 i 93 13, 110/110+ -O;} .16) .72)| 31.2 
H 10 14.0 O 24 &. ¢ 30) 2) 38 103, 25 1151104 4.5 03) 23.7 
ti s 2 15; 10.7} 1.9; 17 3.5 824 2 2 8.0 109 36) 117,100 §.3 03) 24. 2 
7123 ( 38; 1.83) 21.3) 8.8! 42 14 112 28 4.88 23 28.1; 81 15) 114.1104 -0 .60) 3.41) 29.2 
Is fil 09, 7.2) 10.7) 2€ f 8.8) 24.9) 88 27) 120/1104 4.8). . 15) 18.5 
19 OS 4.54) 35.2 4.9) 48 7.9| 79 1 7 1.4) 24.1 92 11} 109 110+ -9| .24| 3.84) 39.4 
20 r .09; 9.5, 6.0) 34 8.3) 52 12 11.1) 31.1! 102) 21) 114)110-4 8 04) 19.5 
2 iS 4] 13} 6.1) 5.7) 2 10.7; 39 pA 8.4 37.4 110 18} 109110+ . oo .04| 15.3 
22 09; 6.7) 4.3 2 7.7) 58 . 21 21 29.4 113° 23) 109/1104 -0 .05) 14.5 
z l 2 12} 9.6) 5.5) 22 9.1 30 i 19 11.2) 39.1 98 17; 110;110+ .0 . 05) 20.8 
24° 24.8 76 18! 117110+ 0.0 . 12) 23.0) 20.6 152 9. 0/22. 2 80 24 25.5) 22.8) 101) 22) 1156/1104 5 . 10} 22.9 
23 | 23.8 77, 28) 122,110+4 1.5 - 18} 25.4) 21.5 yg 4. 5'22. 4 Se 7 28.4 21.8 94 35) 125)110-+4 4.8 09) 25.7 
2t 2 S428) 116.1104 4.0 - 12} 21.0) 20.7 113 3. 8'22. 4 55 24.6; 21.6, 95) 32) 121/110+); 3.8 08| 22.6 
27 87 15 1091104 0 . 13} 26.8} 22.1) 100 27.8 4] 8 27.5, 27.4) 90) 12) 109/110+ .0 40 34! 25.6 
2 | 2 65 20 1221104 5 . 16) 21.8) 19.8 RS .0 20.4 50 : 4.9) 19. ¢ 97, 34) 118 1104 5.5 06) 21.1 
aw i\2 72; 25) 121/110 4.5 - 16; 29.0) 21.1 4 4.5 21.9 53 32.8) 21.5 100 23! 120/110-4 6.0 18| 26.6 
, sl 25 117 99 2. § . 16) 29.0 17.6) 186 23.8 56 14; 29.5, 24.2 104 30; 118 110+ 4.3 09; 27.1 
205 41 101 110+ 15.0 - 10; 24.5 14.5, 144 19 100 7; 26.3) 21.1) 112} 22) 115)1104 4.3 11} 24.9 
32 20s 55 93 75 904 23} 12.2) 13.6) 87 18 2365 l 6.4 25.0 101 16; 111,110+ 0 24] 18.7 


percent as mueh as they lost in the 20-gram volatiliza- 
tion test. The residues from both volatilization tests 
of the slow-curing products were fluid; those of the 
medium-curing products were fluid in the 50-gram 
volatilization test and semisolid in the 20-gram vola- 
tilization test; and those of the rapid-curing products 
were both semisolid. For the slow-curing products, 
the loss in neither volatilization test amounted to as 
much as that in the asphaltic residue test. For the 
medium-curing products, the loss in the 20-gram 
Volatilization test approximated the loss in the as- 
Phaltic-residue test, while for the rapid-curing products 
the losses in all tests, including the distillation test, 
Were approximately the same. The loss in the 20-gram 
Volatilization test, while always greater than that in 
the 50-cram volatilization test, was always less than 
in the distillation test. The residue from the 20-gram 
Volatilization test may, however, be harder or softer 
than the residue from distillation. 

he slow-curing products were reduced to a residue 


of 100 penetration in from 30 to 420 minutes, with an 
average o| 


same consistency 


hed td minutes, with an average of 23 minutes and 
with I xd uring products took from 11 to 15 minutes, 
an average of 13 minutes. When making the as- 
sidue test on the rapid-curing products, diffi- 


Phaltic-re 
WE Wee evneskecu t ag" 
Ity was experienced in obtaining a residue that was 





‘126 minutes. In producing residues of the | 
medium-curing products took from | 


not too hard, since the high volatility of the solvent 
caused the cut-back materials to be reduced to 100 
penetration before the temperature for making the test 
was reached. 


MAJORITY OF MATERIALS SHOWED A CLEAR FIELD ON MICRO- 
SCOPIC EXAMINATION 


The microscopic test, adopted by one State highway 
department for the detection of cracking-coil products, 
was made on all materials. The specification of the 
State did not set up an exact procedure. It merely 
stated that a freshly prepared smear of the asphaltic 
material diluted with carbon tetrachloride should show 
a clear field free from carbonaceous matter when sub- 
jected to a magnification of 200 diameters. In the 
work covered by this report, the test was standardized 
by using 2 parts by weight of carbon tetrachloride and 
1 part by weight of asphaltic material in preparing the 
slides for observation. When prepared in this manner 
all of the materials but seven showed a clear field. In 
preparing the slides for the photomicrographs illus- 
trated in figure 2, 6 parts by weight of carbon tetrach- 
loride and 1 of the asphaltic material were used. 

Because carbon tetrachloride has both solvent and 
flocculent properties, its use as a diluent was ques- 
tioned. Therefore, slides were also prepared with the 
undiluted materials and it was found that only those 


|materials that showed flecks when undiluted showed 
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them in the 2 to 1 and 6 to 1 dilutions. This indi- 
cates that the insoluble matter was already floccu- 
lated and that carbon tetrachloride, in the quantities 
used, did not precipitate carbonaceous flecks in those 
materials not containing them when undiluted. Re- 
cently a sample was tested that contained flecks when 
undiluted that disappeared on dilution with carbon 
tetrachloride; and another sample that was practically 


DiIsTILLING TEMPERATURI 


probable that the flecks shown are particl 
carbon and carbenes. 


In conducting the exposure ‘tests three sa! 
each material were placed in seamless, flat 


tins having a diameter of 5's inches and a 
five-eighths inch. Fifty cubic centimeters o! 
were used to obtain a uniform film or layer 


of about one-eighth inch. The samples then 
clear when undiluted contained flecks when diluted. | placed in exposure boxes made of wood. plate- 
in the first case, the poor solvent properties of the | glass cover resting on strips of felt fastene: to th 
distillate used in the material were responsible for | edges of each box made a tight joint and luded 
incomplete solution of the base asphalt, that immedi- | all dust and dirt. A current of air was passed ‘/irough 
ately went into solution with the addition of carbon | a wash bottle containing sulphuric acid to remove 
tetrachloride. In the second case it was quite evident | dust and eliminate moisture, and was admitte« ‘rough 
that the carbon tetrachloride acted as a flocculent. | the bottom of the boxes and escaped throug! slots ! 
However, since 6 of the 7 samples that contained the sides, thus serving to carry off the vapor ‘orme¢ 
carbonaceous material had relatively high percentages The slots were protected from rain by th boards 
of material insoluble in carbon tetrachloride, it is extending from the top of the box downw at au 
































FigtrE 2 
Two 
WITH ( 


angle of about 45°. Cotton batting inserted in the | 


slots excluded dust. A thermometer in each box 
ha ‘ means of determining the temperature. 
1€ assenihiy of the boxes is shown in figure 3. 


DIFFERENC)s FOUND BETWEEN SLOW-CURING AND CUT-BACK 


PRODUCTS AFTER EXPOSURE 

Py pe ples were placed in the boxes on June 15, 

na “a vere weighed periodically to determine the 

a a: t. -& complete set of samples was removed 

aan oe at the end of 5 weeks, another set at 10 

of the “ae he last set at 15 weeks. The temperature 
€ boxes was dependent entirely upon the radiant 
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PHOTOMICROGRAPHS OF MATERIALS CONTAINING CARBONACEOUS MatTTER (MAGNIFIED 200 Times). THE Lower 
LUSTRATIONS SHOW REsuLts OBTAINED WiTH SAMPLE 17; IN THE ONE ON THE LEFT THE MATERIAL Was DILUTED 
KBON TETRACHLORIDE AND THE ONE ON THE RIGHT SHOWS UNDILUTED MATERIAL. 


heat of the sun and varied with the amount of sunshine. 
On clear days the temperature was extremely high, the 
maximum recorded being 196° F., but on days with no 
sunshine the temperature in the boxes was the same as 
that of the air. During the period of exposure the aver- 
age maximum daily air temperature was 85° F. The 
samples exposed for 5 weeks were subjected to 333 hours 
of sunlight and those exposed for 10 and 15 weeks were 
subjected to 611 and 866 hours of sunlight, respectively. 
The percentage of loss at different periods of exposure 
is given in table 5 and the results of tests on the 
residues are given in table 6. Photographs of typical 


surfaces at the end of 15 weeks are shown in figure 4. 
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FIGURE 3. 


While the majority of the materials progressively lost 
weight during the period of exposure, a number of them | 
actually gained at first, although they later lost more 
than the amounts gained. An exception to this was 
sample 1, which had gained 3.6 percent at the end of 
8 days and at the end of 15 weeks still showed a slight , 
gain. The samples exposed for 15 weeks were used | 
in determining the loss at 2, 8, 15, 22, 50, and 105 days, 
while the percentage of loss given for the 35- and 70-day 
exposures was based on samples used for test at the 
end of 5 and 10 weeks, respectively. This was done 
to eliminate errors in calculating the results of subse- 
quent tests made upon the respective residues and 
accounts for slight variations that may appear to 
indicate gains instead of losses. 

As was expected, the cut-back products lost weight 
very rapidly. At the end of 2 days they had lost from 
86 to 92 percent of their maximum loss with an average 
of 89 percent, and at the end of 35 days they had lost 
from 97 to 100 percent with an average of 99 percent. 
For the slow-curing products the rate of loss was much 
less, but was considerably more variable. In 2 days 
those samples that had undergone a loss had lost from 
3 to 60 percent of their maximum loss with an average 
of 35 percent. In 15 days they had lost from 16 to 
84 percent with an average of 50 percent, in 35 days 
from 63 to 100 percent with an average of 82 percent, 
and in 70 days from 74 to 100 percent with an average 
of 89 percent. Some idea of the relative speed of 
curing or volatility of the two types of material may 
be obtained by comparing their losses under these 
exposure conditions. The slow-curing materials took 
70 days to lose an average of 89 percent of their volatile 
matter, while the cut-back materials underwent the 
same percentage loss in 2 days. 


LOSS IN DISTILLATION TEST MOST NEARLY APPROXIMATED LOSS 
IN 15 WEEKS’ EXPOSURE FOR ALL TYPES OF MATERIALS 


Figure 5 shows the relation between the percentage 
of loss upon exposure and loss in the distillation test. 


STABILITY SPECIMENS AND THIN F 
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TABLE 5 Loss in thin film exposure 
Loss on exposure for— 
Sample identi- 
fi at 0 4 5 5 2 5 4) 
ys | lays lays days la 
Percent I t Pe u Percent Per t |Z t Pe 
l 2.6 3.4 3.4 3.0 2. 
2 9 t Do. 7 7.6 ) 10 
3 2 ) 2.9 4.7 t ~ m 
4 l 3.2 1.4 
2.6 i 8.2 ’ 8 } 
6 } 2 2.0 4. ] 5 i l Pt 
7 7.8 29 1 6 17.7 20. 2 20. 0 
8 8 23 
’ 3 2.4 40 3 sl %. 
10 11.0 1.4 l4 7 16. 4 16.7 
ll 7.8 1.7 6.4 18. 2 20.4 21.0 2 
12 4. ¢ 8.9 9.4 11.5 13. 7 13.4 l 
13 4 2. € 1.3 6.1 7.3 10. 1 s 
14 1.3 2 3.4 5 6.9 
15 1.9 6.9 S.4 9.3 12. 1 
16 -3 1.0 135 4.¢ 
17 8.6 2 14.4 15.9 18. 5 1s. s 
18 11.5 16 17.4 18, 2 2 
1Y 1.4 0 8.6 10. 1 2.4 
20 2.3 6.5 7.8 98 11.7 2. 6 
21 1.1 7 6.4 8.2 12. 5 3, f 
22 f 4 5. 1 6. 7 8 8 
23 16 6.6 83 10. ¢ 
24 19. 4 2 21.5 22. 0 22. 2 22. 2 
25 20). 1 2 1.9 22. 1 22. 2 22. Y 
26 20. 5 4 21.8 22. I 22. 4 22. | 
27 26. 1 27 27.3 27.5 27.6 27. ¢ S 
28 17.7 1.6 9 20.0 19.9 0. 1 
29 1.2 20.5 21.3 21.4 21. ¢ 21.4 - 


loss in the two oven tests, and 
residue test. Figure 5 indicates that for the 
curing products the loss in 15 weeks’ expos! 
about 2's times as great as that in the oven te 
50-gram sample, about 1 times as great as tha 
oven test on a 20-gram sample, and about the s 
the loss in the distillation test. No relations! 
apparent between the loss in the exposure and as] 
residue tests. 
invariably greater, ranging from 1 to 14 times 

occurring in 15 weeks’ exposure with an averag 
times this loss. For the cut-back products the 

all tests was approximately the same. In all | 


terials studied, both in 1932 and 1933, the total 


loss in the asp 


The loss in the latter test was, how 
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TABLE 6.—Results of tests on exposure resid us 


5-week exposure 





he 10- and 15-week exposure residues of this sample were nonhomogeneous, 


the distillation test most nearly approximated the loss 
in 15 weeks’ exposure. 

At the end of 15 weeks’ exposure the surfaces of the 
samples varied greatly in appearance, as shown by the 
typical photographs in figure 4. The appearance of 
sample 14 was typical of samples 1, 2, 3, 4, 5, 6, 7, 9, 12, 
18,19, 20, 21, and 22. However, there were some vari- 


ations in actual appearance that could not be shown in | 


a photograph. Samples 1, 2, and 3 had mottled, 
slightly greasy surfaces. Samples 4, 9, and 19 had mot- 
tled, slightly greasy surfaces that were slightly irides- 
cent. Samples 14, 21, and 22 had mottled, iridescent 
surfaces that were not greasy. Sample 5 had a uni- 
lormly mottled appearance neither iridescent nor greasy. 
Samples 6, 7, 12, 18, and 20 were smooth and glossy. 
Sample 23 was mottled and slightly greasy, like sam- 
ples 1, 2, and 3, but had some dull areas asshown. Sam- 
ple 13, while smooth and glossy, had some dull areas as 
shown: sample 16 was similar although it was slightly 
mottled. j matty 
Samples 10, 11, and 15 were checked over most of the 
area Of their surfaces; their condition is shown by the 
Photograph of sample 15. The unchecked areas in 
samples 10 and 11 were glossy but in sample 15 the 
surface was neither dull nor glossy. Samples 8 and 17 
had very rough surfaces, shrunken and pitted as shown 
by their photographs. The material in the bottom of 
the cracks was soft but the outer surface was very hard. 
The cut-back products were all very rough and wrinkled, 
4s shown by the photographs of samples 26, 27, and 28. 


10-week exposure 





15-week exposure 
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2 | 22.2 .--| 29 14 155 5.0 0} .38) .50) 31.7| 22.0 25 13 158) 4.8 0} .43) .43) 33.9) 22. 2)...-.. 24 13} 163) 4.0| .0| .72)| .70)| 34.2 
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1 None of the residues after exposure of this sample was homogeneous. 


The material in the cracks was glossy while the outer 
surface was dull. 

At the end of 15 weeks all of the cut-back products 
were exceedingly hard. As they were originally com- 
binations of semisolid asphalt and volatile fluxes and 
became semisolid in the laboratory tests, it would be 


|expected that a semisolid residue would rapidly 


develop upon exposure. It has been believed generally 
that the asphalt base used in cut-back materials is 
relatively resistant to changes caused by weathering 
and that after the cutting medium is removed the 
character of the material changes but little. The 
six cut-back materials used in this study, while losing 
but little weight after 2 days, were much harder and 
had much less ductility at the end of 5 weeks’ exposure 
than the asphalt used as base material. 

The slow-curing products varied as greatly in con- 
sistency as in the rate and amount of volatile matter 
given off during exposure. At the end of 5 weeks all 
of them were harder than the residues from the distilla- 
tion and oven tests, but only 5 had a penetration at 77° 
F. of less than 200. The consistency varied from a 
float of 34 seconds at 122° F. to a penetration of 51 
at 77° F. At the end of 15 weeks only 3 materials 
had a penetration at 77° F. of over 200 and one of these 
materials had disintegrated to such an extent that no 
true penetration test was possible. The consistency 
ranged from a float of 71 seconds at 122° F. to a pene- 
tration of 20 at 77° F. In the previous work, the 
slow-curing materials all developed residues after 15 
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Figure 4.—ConpiTION oF SurrAces AFTER 15 WEEKS OF EXPOSURE. 


weeks that were as hard as or harder than their asphaltic 
residues of 100 penetration. It seems that it is impos- 
sible to predict, from the results of any of the laboratory 
tests, the consistency of the residues after exposure. | 
Generally, however, those materials that took a long | 
time to be reduced to 100 penetration in the asphaltic- 
residue test and those whose residues from the distilla- 
tion and oven tests had a low float-test value were the 
softest or most fluid at the end of 15 weeks. 


ASPHALTIC RESIDUES DIFFERED IN CERTAIN RESPECTS FROM 
RESIDUES AFTER EXPOSURE OF ABOUT THE SAME PENETRATION 


A comparison of the residues after exposure and as- | 
phaltic residues is of interest. All but 5 of the asphaltic 
residues had ductilities at 77° F. of more than 110 cen- 


timeters and 15 had ductilities at 34°-35° F. of 
timeters or more. After 15 weeks’ exposure 
products had ductilities at 77° F. over 50 and 
over 110. Only 6 had ductilities at 34°-35° F. 0 
These differences in ductilities may, in a numb« 
stances, have been caused by differences in the co! 
cies of the residues after exposure and asphaltic r 

However, in some cases one of the residues [1 
posure had approximately the same penetratio! 
asphaltic residue and the laboratory residues a! 
dues after exposure may be compared directly. 


|7 shows the results of tests on both such resid 


indicates that the two residues from the same n 
although having the same consistency, varied ¢ 
ably in other respects. 
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_The rv: tio of the penetration at 77° F. to that at 32°} 
F. was .lways lower for the residue from exposure. 
The duc iility at 77° F. of the residue from exposure 
was less than that of the asphaltic residue in all but 
two casi, and for these the ductility of both residues 
was 110 In five cases the ductility at 34°-35° F. 
: the re-idue from exposure was greater than that of 
the asphiitie residue. In every case except two the 
— » of material insoluble in naphtha was greater 
or the 1sidue from exposure than for the asphaltic 
residue. in every case where there was an appreciable 
amount 
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material insoluble in carbon tetrachloride 


| 


and carbon disulphide, the percentages were much 
greater for the residues from exposure. 

Figure 6 shows the development of free carbon, car- 
benes, and asphaltenes in laboratory and exposure 
tests for the samples that originally contained or finally 
developed carbenes in appreciable amounts. Samples 
8, 23, and 27 developed only relatively small amounts 
of carbenes and the development of the insoluble 
constituents is shown only for sample 27. In figure 6 
the volatile matter and the material insoluble in carbon 
disulphide, carbon tetrachloride, and 86° B. naphtha 
are plotted for the original materials and their residues. 
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TABLE 7.—Comparison of residues of approximately the same penetration from the asphaltic-residue test and from exposure 


Asphaltic residue Residue from exposure 
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Figure 6.—ComposiTIon oF SELECTED MATERIALS AND THEIR RESIDUES AS DETERMINED BY SOLUBILITY TES1 


ip All percentages are expressed in terms of the weight of | insoluble in 86° B. naphtha. The remainder of the 
s the original material. column represents material soluble in 86° B. naphtha 
f The solid portion in each vertical column represents | that, in the original material, includes the more vola- 
} free carbon or material insoluble in carbon disulphide. | tile hydrocarbons vaporized and lost under tesi con- 
h The remainder represents bitumen or material soluble | ditions, as shown by the dotted area. The m: erials 
: in carbon disulphide. The double cross-hatched por- | soluble in 86° B. naphtha have been termed “ malt|ienes 
4 tion represents carbenes or bitumen insoluble in carbon | by Richardson.’ This designation, however, is not 
: tetrachloride, and the single and double cross-hatched | been generally accepted in the United States. 

. portions together represent asphaltenes or bitumen 


’ Clifford Richardson, The Modern Asphalt Pavement, p. 544 (2d ed 
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As shown by figure 6, the material insoluble in 
naphtha included carbenes and free carbon; in fact, in 
the residue from 15 weeks’ exposure of sample 19 the 
material insoluble in naphtha contained 19 percent free 
carbon and 27 percent carbenes. The term asphaltenes 
also includes carbenes. Nellensteyn * has stated that 
asphaltenes, carbenes, and free carbon all consist of the 
same matter, that is, dispersed carbon in decreasing 
states of protection. The so-called ‘protective bodies”’ 
he designates as ‘micelles.’ He states that when 
extracted asphaltenes are heated at a temperature of 
527° F. they will be changed largely to free carbon, but 
a normal asphaltic material can be heated at 662° F. 
for a long period with little production of free carbon 
The reason for this is that in normal asphalts the amount 
of protective bodies, or micelles, is such that the decom- 
position of part of them influences their protective 
qualities only slightly. Marcusson ® states that the 
material soluble in 86° B. naphtha (malthenes) is 
composed essentially of oily constituents and asphaltic 
resins. As the time of exposure increased, the per- 
centage of asphaltenes, carbenes, and free carbon 
increased while the percentage of malthenes decreased. 

In the 1932 investigation only those materials that 
had high specific gravities and initially contained some 
material insoluble in carbon disulphide with appreciable 
amounts insoluble in carbon tetrachloride developed 
carbenes either in laboratory or exposure tests. In the 
present study some of the materials such as samples 
14 and 27, that originally had high solubilities in carbon 
disulphide and carbon tetrachloride, developed carbenes 
even during some of the laboratory tests. In those 
materials in which carbenes and free carbon were de- 
veloped, it may be considered that the amount or the 
protective quality of the micelles was insufficient to 
prevent carbonization. 

All of the rapid-curing products at the end of 15 
weeks had developed residues containing about 0.5 
percent of material insoluble in carbon disulphide and 
carbon tetrachloride. For all materials the solubility 
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IDENTIFICATION 
Figure 7 
NAPHTHA IN THE VARIOUS RESIDUES. 

——_ = 
‘Report by F. J 
National As 


i See A ition of Road Congresses, first section, second question, paper 2-O 
See Asp! eae 


ind Allied Substances by Herbert Abraham, third edition, p. 75! 


r INDEX OF INCREASE IN MATERIAL INSOLUBLE IN 


Nellensteyn and R. Loman, Sixth Congress, Permanent Inter- 
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in carbon disulphide was almost the same as the solu- 
bility in carbon tetrachloride, indicating the almost 
complete absence of carbenes. 


MATERIAL INSOLUBLE IN NAPHTHA DEVELOPED MOST UNDER 
EXPOSURE AND LEAST IN THE DISTILLATION TEST 


In figure 6, where all the percentages are expressed 
in terms of the weight of the original material, if the 
percentage of material insoluble in naphtha in any 
residue is divided by the percentage of material insoluble 
in naphtha in the original material and multiplied by 
100, the result is the index of increase in material insol- 
uble in naphtha. An index of 100 therefore indicates 
no change in the amount of material insoluble in 
naphtha. This index for all the samples is plotted in 
figure 7 and shows that generally there was an increase 
in material insoluble in naphtha during the various 
tests. Generally, this index was least for the distil- 
lation test and greatest for the 15-week exposure test. 
In the distillation test it ranged from 88 to 129. 

While inaccuracies in testing may account for indexes 
of less than 100 in the distillation residues, it is possible 
for indexes actually to be below 100. Several samples 
of very viscous, slow-curing asphaltic material, really 
semisolid asphalts, were recently subjected to the dis- 
tillation test. The materials did not yield any distil- 
late but there was considerable loss on cooling. Never- 
theless, the residues were softer than the original 
materials and contained less material insoluble in 
naphtha. 

In the oven-loss test on 20-gram samples the index 
varied from 101 to 161 and in the asphaltic residue test 
it varied from 96 to 302. In the case of the asphaltic 
residue the index was low when the time of reduction 
was low, and for the cut-back materials the asphaltic 
residue test was the least severe of all tests, although 
there is not much difference between this and the dis- 
tillation test. The index was high when the time of 
reduction was high, as indicated by sample 18 which 
took 420 minutes to come to 100 penetration and had 
an index of 302, and by sample 1 which took 280 minutes 
and had an index of 284. The index varied from 105 
to 294 for 5 weeks’ exposure, from 119 to 361 for 10 
| weeks’ exposure, and from 133 to 376 for 15 weeks’ 
|exposure. Except for four samples, the index of increase 
was greater for 5 weeks’ exposure than for any of the 
‘laboratory tests. In the exposure tests, products 
originally containing the highest percentages of material 
| insoluble in naphtha generally had the smallest indexes 
| of increase. 


OLIENSIS TEST INVESTIGATED 


An interesting development in the study of asphaltic 
materials is the test for determining heterogeneity. 
| This test has been called the Oliensis or spot test. The 
method of making the test and the interpretation of the 
results were outlined in a paper read before the 1933 
meeting of the American Society for Testing Materials. 
In making this test on the original material, one part 
by volume of the asphaltic material was treated with 
5.1 parts by volume of a special naphtha at such a 
temperature that solution or dispersion was complete 
in 6 to 8 minutes. After cooling to room temperature 
and adding fresh naphtha to replace any losses, a drop 
of the mixture was allowed to drop on a filter paper (J. 
H. Munktells, No. OO). The appearance of the re- 
sulting stain varied from a uniformly colored spot, in- 
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dicating complete dispersion, to stains in which the 
center was black and rough and surrounded by a lighter- 
colored ring. When an entirely uniform stain was ob- 
tained another test was made after the mixture had 
stood for 24 hours. The appearance of the central 
spot was taken as an indication of the degree of hetero- 
geneity, and those materials that gave a uniform stain 
after standing 24 hours were considered as homogeneous. 

The test is presumed to give an insight into the con- 
ditions of manufacture. The types of asphaltic prod- 
ucts that should be expected to appear homogeneous 
are as follows: 

1. Steam-refined residuals known to have been re- 
fined without serious cracking. 

2. The bitumen of certain native asphalts. 

3. Some types of slightly oxidized residuals from as- 
phaltic-base crude oils. 

The materials that should be expected to appear 
heterogeneous are: 

1. Steam-refined residuals that have been overheated 
during the refining process. 

2. Cracking-coil residuals. 

3. Highly blown residuals 

The test was initially developed and used to determine 


whether or not petroleum asphalts had been subjected | 
to higher temperatures than usually occur in steam re- 


fining. 
fication test for the control of liquid asphaltic materials. 


It has been used by some States as an identi- | 


Recently the test procedure has been standardized by a | 


group of Middle-Western States. 
to slow-curing materials they state that if the material 


has less than 15 percent of distillate by volume at | 


680° F., the test may be made on the original material. 
For all other materials of the slow-, medium-, or rapid- 
curing classes the test shall be made on the distillation 


residue. The presence of the volatile distillate in these | 


types of materials was thought to interfere with the 
sensitivity of the test. It will be noted that in the 
case of the slow-curing materials investigated the test 
may be run on 18 samples as received, since in only 5 


cases was the percentage of distillate by volume at | 


680° F. more than 15 percent. 

The identification of the character of the manufac- 
turing process was the main object of this test, and 
for this purpose it should be made only on the finished 


products as they leave the refinery and not after they | 


have been subjected to various laboratory heat tests. 
However, in order to determine if the character of the 


materials underwent a change during the laboratory | 


tests and under exposure, the residue from the distilla- 
tion test, the 20-gram oven-loss test, and the asphaltic- 
residue test, as well as the residues from the 5-week and 
15-week exposures were subjected to the Oliensis test. 

For the original materials 5.1 parts of naphtha by 
volume were mixed with 1 part of asphaltic material. 


In applying the test | 
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TABLE 8.—Ratio of naphtha to asphaltic material in Oliensis t 


Distillation Residue fr 


Origi- residue 20-gram 4 sphal- exposure for 
nal ma- OSS | tic resi- 
Sample identification | terial residue que (by) . 
Dy By By by weight — red 
weight) weight volume Ve!sht i¢ 
welgn Vi 
4.10 4. 21 4.12 5. 69 4.10 
- 3. 74 4. 20 5. 83 4.01 5. 00 4.13 
; 3. 74 4. O01 5. 51 3. 92 5. 22 4.00 
t 3. 79 4.01 3. OF 5. 07 3. 99 
7 3. 06 4.58 6.04 4.33 5. 61 4. 37 
t 4. 06 4.38 4. 2¢ 6. 49 4. 35 
7 1.1 5. 37 6. 90 4.30 6. 37 5.15 
‘ 4.1 4.51 4. 27 6. 32 4.20 
; , & 4,29 S6 4.11 5. 55 4.1 
) 4.10 2s 6. 84 4.92 6. 22 4.90 
91 22 6. 94 4. 61 7. 35 4.91 
é 4.10 409 6. 38 4. 57 6. 68 ars 
3. VI 4.31 6S 4.17 5. 86 1.2 
4 3. 73 3. 92 3. 89 5. 36 3. 93 
4.03 1.77 6. 18 4.42 6. 54 4.44 
) 4. O7 4. 37 4. 22 6. 56 4. 26 
rs 3, 83 4.82 6.80 4. 52 5.18 4,70 
) 4.1 5. 02 6. 42 4.95 5. 52 5 O07 
; 3. 6 4.05 5. 76 3. 97 4.73 4. OF 
20 4.12 4.78 6. 05 4.53 5. 95 4.65 
2 4. OF 4.77 6. 07 4.55 6. 52 4.64 
» 1.0 4.48 5. 70 4. 38 ». 76 4.42 
23 3. 90 4.41 5. 86 4. 29 6. 44 4, 25 
24 4. 06 5. 40 7. 40 §. 22 . 27 5. 22 
- 4.17 4s 7. 24 ». 38 34 6 
af 4.16 44 7.14 5. 36 31 37 
27 19 72 7.98 5. 54 5. 50 2 
2s 4.14 24 6.90 » 1 ” 
29 4.11 38 7. 29 24 24 24 
1 All original material 5.1 naphtha to 1 of sample by volume 


TABLE 9.—Character of original materials and residues as 
mined by the Oliensis test ! 


. Jistilla- | 20-gram 5-week 
Sample identi- Original I tion ee Asphaltic 





partes i s cidne | Xposure 
fication material residue residue residue residue 
1 H H H H H 
2 H H H H H 
3 H H H H H 
4 H H H H H 
H H H H H 
‘ Oo oO 0 Oo SH 
v4 SH 8) oO oO H 
8 O SH SH SH H 
) H H H H H 
0 O SH SH oO H 
11 H H H H H 
12 oO oO SH SH H 
13 H H H H H 
4 H H H H H 
l O SH SH SH H 
lf SH SH SH H H 
17 H H H H H 
18 SH SH O O SH 
19 H H H H H 
20 SH SH oO O H 
21 Oo 0 oO oO H 
22 oO oO oO oO H 
| H H H H H I 
24 H H H H H 
| 25 : Oo oO oO Oo SH 
#6 oO SH SH oO SH 
, H H H H H 
28 Oo oO oO oO SH 
29 H H H | H H 


For the various residues the volume of naphtha was kept | 


constant and the weight of a unit volume of the original 
material minus the weight of volatile matter that 
occurred in producing the residue was used. Table 8 
shows the ratio of naphtha to asphaltic material used 
for each sample. Only in the case of the asphaltic 
residue of sample 11 did the ratio of naphtha to asphaltic 
material exceed 7 to 1 by weight, the proportion that 
was being used by one State at the time these tests 
were made. It is thought that the variations in 
proportions of naphtha used in this work were not 
sufficiently wide to affect the character of the stains 


| H =Heterogeneous; O = Homogeneous; SH =Slightly heterogeneous 


obtained. Table 9 gives a classification of the -tains 
and figures 8, 9, and 10 show stains typical o! those 
obtained with the various samples and their re~idues. 

Since the results of the tests were based upon the 
appearance of the stain as interpreted by the ob-erver, 
it is difficult if not impossible to distinguish b« tweet 
border-line materials or to express clearly the ay aren! 
degree of heterogeneity that may be indicated yy the 
varying degrees of nonuniformity in the stain The 
classification given in table 8 should be unders’ od te 
mean that, in the judgment of the observers, th: mate 
rials and their residues gave stains that appeare: either 


entirely uniform throughout or were only slight y nom 
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SAMPLE - 8" SAMPLE -18 


A-ORIG|NAL MATERIAL C-20-GRAM LOSS RESIDUE E-RESIDUE AFTER 5 WEEKS EXPOSURE 
B-DIST\LLATION RESIDUE D- ASPHALTIC RESIDUE F- RESIDUE AFTER 15 WEEKS EXPOSURE 


Figure 8.—TypicaL OLIENsIs STAINS. 
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ae SAMPLE -10 
A- ORIGINAL MATERIAL C- 20-GRAM LOSS ‘RESIDUE 


SAMPLE - 12 


E- RESIDUE AFTER 5 WEEKS EXPOSURE 
B-DISTILLATION RESIDUE D- ASPHALTIC: RESIDUE F- RESIDUE AFTER IS WEEKS EXPOSURE 


Figure 9.—TypicaL OLIENSIS STAINS. 
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SAMPLE - 6 SAMPLE - 21 | 


A-ORIGINAL MATERIAL C- 20-GRAM LOSS RESIDUE E- RESIDUE AFTER 5 WEEKS EXPOSURE, 
B-DISTILLATION RESIDUE _. D= ASPHALTIC RESIDUE F- RESIDUE AFTER 15 WEEKS EXPOSURE 


Figure 10.—TypicaLt OLIENSIS STAINS. 
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uniform, having a slightly darker, more-pronounced 
center, or else they had a definite dark to black center 
surrounded by a uniformly lighter-colored stain and 
were consequently classified as homogeneous, slightly 


heterogeneous, and heterogeneous, respectively. No | 
attempt was made to indicate the extent or degree of | 


heterogeneity other than to classify as slightly hetero- 
geneous those materials and residues giving stains only 
slightly nonuniform. 


ALL EXPOSURE RESIDUES FOUND TO BE HETEROGENEOUS 


A study of the results of the Oliensis test shows that 
of the 29 materials, 10 were homogeneous, 4 slightly 
heterogeneous, and 15 definitely heterogeneous in their 
original state. All the residues from exposure were 
heterogeneous or slightly heterogeneous. Of the 10 
materials appearing homogeneous in their original 
state, 5 developed homogeneous residues in all 3 
laboratory loss tests, 2 developed slightly heterogeneous 
residues in all 3 tests, 2 developed slightly heterogene- 
ous residues in the oven test and distillation test but 
not in the asphaltic-residue test, and 1 developed 
slightly heterogeneous residues in the oven test, and 
asphaltic-residue tests but not in the distillation test. 

Of the 4 materials appearing slightly heterogeneous 
in their original state, 1 developed homogeneous resi- 
dues in all 3 laboratory tests, 2 developed homogeneous 


residues in the asphaltic-residue and loss tests but | 


remained heterogeneous in the distillation test, and 


one material remained heterogeneous in all tests. | 


The 15 materials that appeared heterogeneous in their 
original state all developed heterogeneous residues. 
A comparison of these materials according to the 
character of the stains produced in the laboratory and 
their behavior under laboratory and exposure conditions 
may be of interest. Nine of the materials, samples 2 


ms 


3, 4, 9, 14, 17, 19, 23, and 27, were heterogeneous | 


originally and had heterogeneous residues. The photo- 
graph of sample 2 in figure 8 is typical. All of the 
above samples, except 23 and 27, showed micropscopic 


flecks as shown in figure 2 when examined under the | 
All except samples 14 23, and 27 had | 


microscope. 
appreciable amounts of material insoluble in carbon 
tetrachloride in the original sample. Samples 14, 23, 
and 27 developed carbenes at the end of 15 weeks 
of exposure and the other samples showed an increase 
in carbenes and free carbon. 

All of the nine samples, except sample 23, had high 
percentages of material insoluble in naphtha. All had 
specific gravities greater than 1.01, except sample 
27. This material has a very high specific gravity for 
a fluid cut-back and its behavior and characteristics 
—_ it in this group having high specific gravities. 

he asphaltic residues of the 9 samples showed the 
effect of changes in temperature, having low penetra- 
tion at 32° F. and no ductility at 34°-35° F., although 
all had ductilities of over 110 at 77° F. 

After 15 weeks’ exposure all the materials were very 
hard, except sample 9, which, at the end of 5 weeks, had 
separated into two parts, one hard and brittle, the other 
soft and oily. It was impossible to flux these two parts 
so that, while having a float at 122° F. of over 1,000 
seconds at the end of 5 weeks, it was impossible to get 
a penetration until the end of 15 weeks. When running 
the softening point test on the residues of this sample, 
after exposure, the material did not flow slowly to the 
bottom but dropped immediately at the temperature 
reported in table 5. Ductility tests were made on this 
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| sample but the results are unimportant as no true duc- 
| tility value was obtained. The residues after 15 weeks’ 
exposure of samples 2, 3, 4, 17, 23, and 27 had very low 
ductility at 77° F. but samples 14 and 19 had ductilitics 
at 77° F. of 97 and 110+, respectively. None of the 
residues had any ductility at 34°-35° F. 

Three of the materials, 5, 11, and 13, gave Olien-is 
stains identical with those of the preceding samplv- 
They did not, however, have as high specific gravitie: 
were clear in the microscopic test, and did not, even at 
the end of 15 weeks, develop any carbenes. Their 
asphaltic residues had some ductility at 34°-35° F 
and, at the end of 15 weeks, while having low ductility 
at 77° F., samples 5 and 13 had some ductility at 34 
35° F. 

The remaining 17 materials all had low specifie gra, i- 
ties, were clear in the microscopic test, did not h: 
carbenes, and, with 1 exception, did not develop thi 
They showed various types of stains in the Oliensis 
test although all were heterogeneous at the end of 5 
weeks. Their asphaltic residues varied in ductility 
and effect produced by changes in temperature as did 
their residues after exposure. 

The stains of samples 1, 24, and 29, while resultin 
photographs similar to those of the high-gravity 1 
terials, did not have the nuclei as raised or as rough: as 
the stains of the materials with high specific gravities 
The producers of the cut-back asphalt designated as 
sample 24 stated that their plant had no cracking 
equipment. This material, therefore, had evidentl; 
become heterogeneous in the refining process because 
of overheating, since the residue obtained in laboratory 
tests had good ductility, indicating that it had not been 
overblown. Sample 29 likewise was a cut-back asp/ialt 
with a ductile base. Sample 16 was slightly hetero- 
geneous originally, produced slightly heterogencous 
residues by distillation and volatilization, and produced 
a heterogeneous asphaltic residue. The asphaltic resi- 
dues of these four samples were not especially affected 
by temperature change, having some ductility at 34 
35° F., although the asphaltic residues of samples | and 
16 had comparatively low ductilities at 77° F. The 
residues of samples 1 and 16 after exposure had low 
ductility at 77° F. Those of samples 24 and 29 cut- 
back asphalts) were very hard and consequently fad 
very low ductility. 


( 


OLIENSIS TEST MORE SENSITIVE THAN MICROSCOPIC TEST IN 
DETECTING OVERHEATED MATERIALS 


Samples 8 and 15 were homogeneous but all of their 
residues from laboratory tests were slightly hv tero- 
geneous. The asphaltic residue of sample 8 had rela- 


| tively low ductility at 77° F. but that of sample 15 had 





good ductility. Both asphaltic residues had ood 
ductilities at 34°-35° F. The residue of sample 15 
after exposure had low ductility at 77° F. Sample §, 
the only material of low specific gravity to develop 
carbenes, separted in the exposure test in the same 
manner as sample 9. 

Samples 18 and 20 were both slightly heterog: ieous 
but their asphaltic and loss-test residues were |.0m0- 
geneous. Their asphaltic residues and their re-idues 
after exposure had good ductility at 77° F. Alt iough 
the asphaltic residue of sample 20 had a ductility «{ only 
three-fourths centimeter at 34°-35° F., the ducti ity 0! 
its residue after exposure, as well as the ductility of the 
two residues of sample 18, was good at 34°05 !. 
Sample 18 developed a residue at the end of 5 weeks 














exposure that was the least heterogeneous of any of the 
residues from the slow-curing materials. 

Samples 10 and 26 and their asphaltic residues were 
homogeneous. The asphaltic residues of both samples 
had good ductility at 77° F. and 34°-35° F. At the 
end of 15 weeks, sample 10 had low ductility at 77° F. 
but good ductility at 34° F., while sample 26, a 
eut-back asphalt, was extremely hard and nonductile. 

Sumple 12 was homogeneous as was its residue after 
distillation. Its asphaltic residue had good ductility 
at 77° F. and 34°-35° F. and the residue after exposure 
had fair ductility at 77° F. and good ductility at 
$4°-35° F. 

Sample 7 was slightly heterogeneous but all of its 
residues from laboratory tests were homogeneous. Its 
as P jhaltie residue was ductile at 77° F. but only slightly 
so at 34°-35° F. and its residue after 15 weeks of expo- 
sure had al due tility at 77° F. and at 34°-35° F. 

Samples 6, 21, 22, 25, and 28 were homogeneous with 
homogeneous residues from laboratory tests. All of 
their asphaltic residues had good ductility at 77° F. and 
all except those of samples 21 and 22, the California 
residuals, had good ductility at 34°-35° F. At the 
end of 15 weeks, sample 6 was still fluid, while the cut- 
back asphalt samples 25 and 28 were very hard and 
nonductile, Samples 21 and 22 had good ductility at 
77° F. and at 34°-35° F. although their asphaltic resi- 
dues were nonductile at 34°-35° F. 

It is readily apparent that the laboratory tests did not 
produce residues that gave stains in the Oliensis test 
radically different from the stains of the original ma- 
terials. The behavior of the residues from exposure 
showed, as did the other tests, that outdoor exposure 
alters asphaltic materials far more than any of the 
laboratory heat tests. This was strikingly shown by the 
decidedly heterogeneous stains obtained with the 
residues from exposure, especially in the case of the 
materi: - originally homogeneous. It is not believed, 
however, that it is possible to predict the physical and 
chemic al characteristics of the material after exposure 
Irom the results of the Oliensis test, whether made on 
the original material, the residues from laboratory 
tests or both. Residues having what are believed to be 
desiralle qualities were obtained from both homogene- 
ous and heterogeneous materials, although hetero- 

gene materials undoubtedly have a more pro- 
nounce tendency to carbonize and their slow-curing 
products generally develop a less-ductile residue. 

For detection of materials that have been  in- 
adverteutly or intentionally subjected to too high a 
temper ture during the refining process, the Oliensis 
test secs to be more sensitive than the microscopic 


§ 
a 
‘ 


test. ‘of the materials that had the characteristics of 

overhe ed or cracked materials were heterogeneous in 

the Olicisis test but only seven of them showed micro- 

Scopie f!ocks, 

— IELD STABILITY TEST USED TO MEASURE BONDING 
‘ E 


‘TH AND DEVELOPMENT OF BONDING STRENGTH 
UPON EXPOSURE 


Cylin’ ors were made according to the Hubbard-Field 
ee nd tested to determine the adhesiveness or 
iding -trength of the original material, the residue 
after di: illation and the asphaltic residue, and the 


( 

oe ut of bonding strength by the original ma- 

ae aller exposure. The first series, for the deter- | 
lation of bonding strength, consisted of 3 sets of 3 | 

evlinders 


ach for each material. The first and second 
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sets contained 16.6 percent by volume of the original 
material and distillation residues respectively mixed 
with 83.4 percent of a standard sand. The third set 
contained the same percentage of asphaltic residue by 
weight as was contained in the cylinders made with the 
original materials that gave an almost constant per- 
centage of bitumen by volume in the cylinders of this 
set. All cylinders of series 1 were tested immediately 
for stability at 77° F. 

The second series of cylinders, for determination of 
the development of bonding strength, likewise consisted 
of 3 sets of 3 cylinders using the same aggregate used 
in the first series and the same percentage of the 
original materials by volume. These three sets were 
placed in the exposure boxes and subjected to the same 
exposure conditions as the thin films. One set was 
removed at the end of 5, 10, and 15 weeks. The cyl- 
inders were weighed before and after exposure and the 
loss in weight was expressed as a percentage of the 
bituminous material present in the cylinder as made. 
After weighing, the cylinders were tested for stability 
at 77° FF. 

For comparative purposes two additional sets of 
cylinders were made, using as a binder the amounts of 
distillation residue and asphaltic residue that would 
have been obtained if the bitumen in the cylinders 
containing the original material had been subjected 
to the distillation or asphaltic-residue test. The aggre- 
gate used was a Potomac River sand that had been 
separated on standard sieves and recombined to give 
the following grading: 


Percent 
Passing no. 10, retained on no. 20 Sane weer 5 alist a 
Passing no. 20, retained on no. 30__- esx eeer es. 10. 3 
Passing no. 30, retained on no. 40__- ee eee 
Passing no. 40, retained on no. 50 : a epee as Na 
Passing no. GG. retained on no. 60_................<....- 36. 6 
Passing no. 80, retained on no. 100- beer es ee 
Passing no. 100, retained on no. 200_- . ee 
Passing no. 200_- 7 


This sand had a specific gravity of 2.666 and the voids 
in the mineral aggregate, determined on the compacted 
cylinders of both series, were 38 percent for the cyl- 
inders made with the original materials, 37.4 percent 
for the cylinders made with the distillation residue, 
and 36.9 percent for the cylinders made with the 
asphaltic residue. 

The method of mixing and molding the cylinders was 
the same as that used in 1932. The results of the tests 
on the cylinders of series 1 and 2 are given in tables 
10 and 11, respectively. All results are the averages 
of three tests. . 

The results of tests on the cylinders of series 1 are 
shown graphically in figure 11. The stability of the 
cylinders at 77° F. was plotted against the Furol vis- 
cosity at 122° F., and the results of the float test at 
77° F. for the cylinders made with the original mate- 
rials and against the float test results at 122° F. and the 
penetration at 77° F. for the cylinders made with the 
distillation residue. Since the asphaltic residues are 
all of approximately the same consistency, the sta- 
bilities were plotted for each sample independently. 

Figure 11 shows that although the stability of the 
mixtures was roughly proportional to the consistency 
of the contained bitumen, materials having the same 
consistency as measured by viscosity at 123° | ae 
test at 77° F. and 122° F., and penetration at 7 77° F. 
had different stabilities. This was especially sntieilile 
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TABLE 10.—Results of tests on series 1 cylinders 


Original material Distillation residue Asphaltic residue 


Sample iden- 


tification | Stabil-| pyoa | PUTO! | stabil-| Float | Pene- | Stabil- Pene- 
ity at | 77 F itv at | ity at | at 122° | tration | ity at | tration 
ad a ae 129° F.| 77° F F. |at77°F.| 77° F. \at77°F 


Pounds Seconds Seconds Pounds Seconds 


Pounds 
1 75 100 294 125 24 2, 275 oe 
/ 125 52 303 400 60 3. O75 100 
3.. 12 50 274 200 43 3, 775 105 
4. 150 63 404 250 455 s, 600 107 
= 125 36 331 325 AS 2, 575 106 
Cx 7 21 335 150 21 2, 275 99 
| 75 9 181 375 62 2, 575 92 
Diteaun : 100 60 277 100 27 2, 100 100 
9_- 100 33 175 200 44 ‘OO “ 
10_. 75 ll 197 17 87 2, 42 Of 
11 25 4 () 17 4 17 s4 
oaks mae 100 13 182 S 2, 450 7 
13 150 41 40 37 2,74 } 
14 125 44 278 se 3, OT 4 
15 75 21 19 4) 2, 67 0 
16 75 38 217 25 2, 225 OY 
150 0) 205 110 700 102 
a 125 ) 199 60 1, 900 100 
19_. 17 7 320 7 Vio 102 
20.. 100 4¢ 300 50 104 
iw 7 23 293 4) 110 
22 150 60 768 nf 113 
yA 7 2 123 27 Ys 
es 75 1 241 76 101 
. re 275 472 77 4 
C—— 150 351 s4 95 
27 25 47 87 G0 
28... 200 ) 30% 6 97 
ae 27! 7 260 72 100 
eae 12 39 350 Sl 104 
Se 100 IT 431 208 112 
32 7 2 l 208 10 





TABLE 11.—Resulis of tests on series 2 stability cylinders 
em 
| Cylinders Cylinders 

« | Cylinders made with the original materials made with made with 
oS | distillation asphaltic 
re residue residue 

= Stability at 77° F. Loss of bitumen Theo- Theo 
Se Sta- reti- Sta- | reti- 
2 bility : cal , bility | cal 
& |When| In5 | In10| In15/| In5 |In10| In15 ae F ~~ ore F Dit of 
= | made | weeks | weeks | weeks weeks weeks weeks ‘‘ a oz aan 
nw ie len 
nn 











Per- | Per- | Per- Per- 
cent | cent | cent Lhs cent 
0 3 ] 25 3 . 
7 12 2 425 11 | 3, 
6 10 11 250 Pie 
3 Mi 6 300 3, 
6 ll ll 47 14 | 2, 
4 9 y 17 7 1, { 
15 20 21 23 | 2 
3 5 6 ( l, 
7 12 12 ll | 3, 
14 18 18 22 | 2, 
18 21 22 2312 
10 14 15 18 | 2, 
6 10 10 9\ 2; 
4 & bel 5 2 
8| 12 3 15 | 2, 
4 8 9 cae 3 
15 19 21 21}; 2 28 
16 20 20 18 l, 25 
7 ll 11 10 | 2, 24 
S 12 13 14 2, 31 
8 13 14 15 | 1,§ 37 
5 y 9 10 | 2, 29 
7 ll 11 12/2 39 
20 23 22 25 | 2, 23 
7 19 19 24 | 2,65 22 
21 24 23 23 | 2,775 22 
28 30 29 30 | 3,600 27 
16 18 18 21 | 3,475 20 
13 16 16 24 | 3, 21 
sangre nents nts deri einige 26 | 2, 24 
a ee Se 20 | 2, 21 
ae See 22 | 2, 25 





in the results with the cylinders made with the asphaltic 
residue. Although all of these residues had 


1€ approxi- 
mately the same penetration, the stability of the eylin- 
ders varied from 1,900 pounds for sample 18 to 


9 Q75 
09,3490 
pounds for sample 2. 
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FiGgurE 11.—RELATION BETWEEN THE CONSISTENCIES 
NAL MATERIALS, DISTILLATION RESIDUES, AND A 
RESIDUES AND THE STABILITY AT 77° F. oF Cy.i> 

SERIEs 1. 


It is seen that the cylinders made with the : 
residues of samples 2, 3, 4, 9, 11, 14, and 19 
stabilities of over 3,000 pounds. All of these n 
were heterogeneous originally, all were mat 
high specific gravity, and all except sample 11 ¢ 
or developed carbenes and free carbon. Samp! 
a relatively high specific gravity but did not 
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Figtre 12.—ComparRison or Loss or BITUMEN AND STABILITY 
OF SERIES 2 HuBBARD-FIELD CyYLINDERs. 


carbenes. Samples 5,7, 13, 15, 17, and 23 had stabilities 
between 2,500 and 3,000 pounds. Samples 17 and 23 
were heterogeneous materials of high specific gravity 
that contained or developed carbenes. Samples 5 and 
13 were heterogeneous materials of fairly high specific 
gravity but they did not develop carbenes, and samples 
7 and 15 were materials of low specific gravity. All of 
the ecut-back products had asphaltic residues giving 
stabilities of 2,500 pounds or over and five gave stabilities 
of 3,000 pounds or over. 

Figure 12 shows the results of stability tests on the 
cylinders of series 2. The loss of bitumen in 5 and 15 
Weeks of exposure and the theoretical loss of bitumen 
in the evlinders made with the distillation and asphaltic 
residues were plotted for each sample. The stabilities 
at 77° |’. for each sample were also plotted. 

In this figure it is seen that, in the case of the slow- 
curing materials, although the loss of bitumen in the 
exposed cylinders was approximately the same as the 
loss in the distillation test, the exposed cylinders had 
greater stability than the cylinders made with the distil- 
lation residue except in the case of sample 17. This 
sample, even in 15 weeks, did not attain as high a 
stability as the cylinders made with the distillation 
residue. It is also seen that the loss in 15 weeks’ ex- 


MOSre diy) ; 4 : 
Posure did not approach the loss in the asphaltic residue | 


3 ' 7° the stability of the exposed cylinders did 
the PI roach the stability of the cylinders made with 
asphaltic residue, except in the case of sample 19. 
Pn .cut-back materials the indicated losses were 
satis Ae error due to unavoidable loss of volatile 
soa a —e and molding the cylinders. The 
son ad — &- weeks of exposure probably should 
pa \bout the same as the losses in the distillation 
‘sphaluc residue tests. The stabilities at 5 weeks 
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were higher than the stabilities of cylinders made with 
the asphaltic and distillation residues except in the case 
of sample 27. 


SATISFACTORY CHECKS OBTAINED WITH RESULTS OF 1932 TESTS 


After the exposure tests had been started, a question 
was raised concerning the use of plate glass covers for 
the exposure cabinets because it prevented the active 
ultra-violet rays from acting on the materials. Fused 
quartz glass not being available, Vita glass, which, 
after a short stabilization period, is guaranteed to per- 
manently transmit an effective volume and combination 
of wave lengths of active ultra-violet light, was used to 
determine the effect of the passage of more active light. 
Duplicate sets of 10 of the slow-curing materials, 2 of 
the rapid-curing materials, and sample 27 and 3 new 
medium-curing materials, samples 30, 31, and 32, were 
exposed under both Vita and plate glass for 5- and 
10-week periods. The materials were exposed in thin 
films and also admixed with the standard sand in the 
form of Hubbard-Field cylinders. 

This exposure was started August 28, 1933. During 
the first 5-week period the average maximum air 
temperature was 80° F. and the number of sunlight 
hours was 266. During the 10-week period the average 
maximum air temperature was 73° F. and the number 
of sunlight hours was 512. The results of the tests on 
the thin films are given in table 12, and those on the 
Hubbard-Field cylinders in table 13. 

As shown by tables 6 and 12, the materials did not 
lose as much nor get as hard in 10 weeks as they did in 
the original 5 weeks of exposure. This was due to the 
lower air temperature and also to the fact that the 
sun’s rays striking at an oblique angle did not cause 
the material to get as hot as earlier in the summer. 
There was little if any difference between the materials 
exposed under the different types of glass. The samples 
exposed under Vita glass had a little more material 
insoluble in carbon disulphide and carbon tetrachloride 
and generally had a little more material insoluble in 
naphtha. Each solubility reported was the average of 3 
or more tests. The results of the stability tests do not 
show that there was any difference between the two types 
of glass. The comparative study of the effectiveness of 
Vita glass and plate glass as cover for the exposure of 
the samples did not produce differences great enough 
to indicate their relative efficiency for this purpose. 

As stated previously, four of the samples tested in 
1932 were included in the 1933 work and the results 
obtained, as shown in table 14, were in remarkably close 
agreement with the previous tests. In the case of 
samples 17 and 19 the residues from the 1933 exposure 
tests had greater percentages of free carbon and 
carbenes than did residues from the 1932 exposure tests. 

The results of the two sets of stablity tests were 
not in such close agreement because the aggregate used 
in the 1933 tests was somewhat coarser than that used 
in 1932. In 1932, cylinders made with sample 17 were 
the only ones that, after 15 weeks’ exposure, had a 
stability about the same as those made with the dis- 
tillation residue. In 1933 the cylinders made with 
sample 17, after 15 weeks’ exposure, had less stability 
than the cylinders made with the distillation residue. 
Cylinders of sample 19 that in 1932, after 15 weeks’ 
exposure, had a stability approaching that of the 
asphaltic-residue cylinders, in 1933, after 15 weeks’ 
exposure, had a stability higher than that of the 
asphaltic-residue specimens. 
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TABLE 12 Results of tests on plate and Vita glass exposure re sidues 


5 WEEKS’ EXPOSURE 









































Plate glass Vita glass 
= ices leas Ductility at 5 ee ee Ductility at 5 = : — 
| Penetration ~ m per minute Penetration = cm perminute 57% &O 
= Loss| = | atz7? At32 = = = | at \ of Se | es 
= 2 F., 100 F., 200 = At 77° |At 34 oe F., 100 I 00 = At 77° | At34°-| Se eS 
S 3 g, 5 | g, 6 3 k 35° F z 60 2 k 35°F. | so 65 
= Ss sec sec S S ny ec S be RGF 
2 < Ln = RD = cw 
Per Sec Centi- Cen Per Per- Pe I S Centi- Centi Per- I 
cent ond a nete rete cent cent cent cent nds F meters meters cent r 
Se —2.5 50 12.7 3.3 45 
| 6.7 li 0.82 6.86 29. 9 i 92 1, 22 6.8 
13... 4.5 6 18.4 2.2 54 
ahi 2.2 29 2. 68 24.8 l 17 47 2 
| See 12.4 140 1.08 4.09 26.8 12.4 156 o8 4 64 
ESC 16.0 110 2.2 14.9 04 
. s 6.4 10 1. 68 9. 63 32 6 5. € ys 2 OO ) 
20... | 7.9 103 17.2 6 6 
Sa eee 8.0 53 14.1 5.7 49 
ee 6.0 2 19. 2 
26 21.5 37 IS $3 8 0.0 } 33 27.3 21 ¢ 4 10 0.0 - 
. sane 27.4 46 l4 24 7.0 0 ) 56 21.7 26. 2 ) i4 2f 12 0 { 
See een 18 40 17 4 0 0 33.3 8 ) 21 4 Ss 0 
Saas 22.6 38 lf fi 8.0 0 32.7 22. 1 40) 20 38 ] 0 
" eS 17. € f Is 24 0+ 0 29.7 7.3 7 126 0 0 
4 aa 17.7 22 24 7 0 19.8 7.4 2 28 Of 110 5 
u 
ba 10 WEEKS’ EXPOSURI 
< oun , ay 
Fag 
4) ee ee —2 54 0.14 14.1 3.3 6 0. 22 
~ | | 152 5 ‘ miko 1. 42 7.77 30. 2 4.1 141 1. 73 s 
— aes 5.1 85 _ .04 19. 6 2 71 
es 2.2 64 = iO 3. 16 23.9 2 65 55 { 
TE 12.9 178 1. 03 5. 16 23. 1 12. ¢ 297 1. 24 
‘4 Se a tA 16.4) 144 112} 129! 161| 184 
< ice pete a hice 7.6 145 2.92 10.42!) 34.3 6.9 133 2.99 
asi 8.3 35 : - . F ‘ 07 19.4 8.6 125 
nd Wit odes 8.7 70 ied : ni ES ; 09 15.0 8.7 74 
4 hed 6.1 71 . - ; 10 20.4 6.1 “4 
5 26. . 21.4 . 32 17 147 6.3 0 $2 36| 28.0] 21.5 f 149 fi 0 31 
ne | Sa 26. 4 31 13 28 8.5 0 25 .73 | 20.9) 26.7 2 130 7 0 0 
= 29 PAS lone 2 17 141 13.5 Les 22; 33.4 18.9 2 ) 136 lf 0 
~ Se 22. 6 32 14 142 8.3 -0 . 23 33.9 22.3 ‘4 41 ll 0 
AS 17.8 39 l4 131 33. 0 0 13 33. 7 17.3 44 131 2 0 
Se 18. 1 87 22 63. 0 0 17 22. 2 18. 0 3 7 117 65 0 
s aL et a oe ee . BS 
et 
CONCLUSIONS TABLE 13.—Results of stability tests on cylinders expos 
~ late and Vita glass 
> The results of this investigation substantiate most , 
ns of the conclusions arrived at in the 1932 investigation, = ~ 
ae 4 . e . ° 2088 Of Dit 2 Stability at 7 
4 modify two of the conclusions, and indicate some new serene or 
ny conclusions. The conclusions substantiated are: ——— | ind wee In 10 weeks In 5 weeks In 
<4 1. Materials of high specific gravity and their resi- an | win | te | Gee ET Mee 1 
> dues are, in general, more susceptible to changes in . 
temperature than materials of low specific gravity and , Pe Pees poe ae Pounds Pounds | Poun: 
their residues. 2 : 5 8 7 3 
2. Hardening due to causes other than loss of volatile | { ; ; 4 3 
matter, and changes in inherent characteristics that 7. ~ 12 1s ~ 
. ° ° ° ° 8 16 l r 
may be attributed to oxidation, polymerization, and | 19 8 6 8 8 1,2 
carbonization, occur to the greatest extent upon ex- | 3--- 8 . 3 : 
posure and least during distillation. | Senne 6 : 2 
: e ° . . 2 2 2 x 3, 

3. The development of a ductile residue either in | 9772-77 - 28 28 30 30 1,6 
the asphaltic-residue test or, in the case of cut-back | %----- 4 3 H = 28 
materials, in the distillation test, does not indicate | 31----------. 18 19 20 20 2,7 

° ° : . - Soe l 7 19 20 & 2 
that the material will develop a ductile residue upon | “~ : 
exposure. 

4. The bonding strength of the original materials The relative rates of volatilization of the \ «nous 
and their residues is roughly proportional to their| materials can be anticipated most readily from ti 
consistencies, but materials having the same consistency | distillation curves. The different classes of m teria 

as measured. by the present tests do not always give | may be differentiated in the loss and asphaltic- sidue 
the same stability. The reasons for these differences tests, especially if the time of reduction to 10 pene 
i in stability cannot be determined under the present tration is considered. Howev er, sharp distine! ons 1! 
i methods of testing. initial curing properties, that may be of impor! nce! 
t The following “conclusions are somewhat modified | some types of construction, can be determine 0!!! 
4 from 1932: | from the distillation curves. 

) 
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6. Carbonization generally occurs in materials that 
originally contain some material insoluble in carbon 
disulphide and carbon tetrachloride, but some materials fonckin : 
with exceptionally high solubility in these solvents 


TABLE 14.—( ompa ? f 1932 and 1933 exposure tests 
TESTS ON RESIDUES AFTER EXPOSURE 


nple identification 





show a tendency to carbonize under both laboratory 
and exposure conditions. 








The following conclusions are developed upon the 
basis of the data collected in 1933 only: 933 | 1932 | 193 2 19 

7. The Oliensis test is more sensitive than the micro- 
scopic test in the detection of materials that have | Loss in 10 weeks, perc ; 7.7 | 13.3 | 12.0 1) 11 
been subjected to excessively high temperatures in | penetration 8 too p =| ol wet ool a 
manufacture. However, neither test seems definitely to | fottenine point, °F. -- A AP. A SE 
distinguish products that will weather badly. Ductility at 34°-35° F., : . 

s. The use of Vita glass in place of plate glass for the | msolubiein G8), percent . 06 | 6.50 : 
cover of the exposure boxes did not materially change | [een Th Seo" R aphid we porer se 
the results. However, because of the lateness in the | , percent 7.6 | 17.3 | $1.1 | 38.7 | 26.8 | 24.2 
vear when these tests were started the results are | Penetration at s?Fo "93 | 93/23/20 Gf BS 
considered inconclusive. Hie nocd Pg | vette tel ae. es 

9. If like periods of the year are used for exposure, | Puctility at 77 F., ‘ & |} esac! eens) adil shia 
satisfactory check tests can be obtained with the expo- | Duetility at 34 F., . . ‘ 7 
sure assembly used in these investigations. nana i, wane lew late y 

Many of the laboratory heat tests have been criticized | jRsluple in Ci “ wail Nz " 
as producing conditions dissimilar to and more severe percent ao) ome |= 21.2 
than service conditions. These investigations have marae ios 
shown that the physical and chemical characteristics ee Sieteihcseitccaateus 
generally believed to belong to unsatisfactory materials || |, ,.,, a i 
are developed upon exposure in many products that In 5 weeks, p 8; 16) 8| 7 8 
satisfactorily withstand laboratory testing. While it is he Peter act 1 | | | 3 3 
possible, by the utilization of identification tests, to | Suis att Fat = eo ai 
restrict materials to a limited number of sources or After 5 weeks’ ex} th, Pik, Sead Braet Mae 
manufacturing processes, it is impossible to predict, nhor 16 weaks’ oxi spud Mieseal nee ‘anne Dies : 
with any degree of accuracy, the weather-resisting Dg eee 2 BO 18, 175 [2,825 |1, 825 | 1,000 
properties of the material thus obtained. It is believed poun on 200 4,050 3,075 1,97 250 
that efforts should be directed to the modification of a 5 ona 7 00 | 800| 62 00 0 
some of the present laboratory heat tests so that differ- = ae ee ee eee 
ences in the tendency of various materials to develop ' as : zs rab yereell ian 
insatisfactory residues may be recognized. Difference it flerences in grading of ' 
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TABLE 12 


vesults of tests on plate and Vita glass exposure 


5 WEEKS’ 


Ductility at 5 











= a Penetra = cm per minute 
o x a 
~ Loss a At77°| At 32 af 
= = F.,100 F., 200 = At 77° |At34 
= 3 g, | g, 60 = I 35° I 
= = sec se S 
2 =_ TN 
Per- Se Cent Cer Per Per- 
cent onds I neters veters cent cent 
Be o —2.5 50 
2 6.7 113 0.8 6.86 
4.5 61 
2.2 53 29 2. 68 
12.4 140 1. 08 4.09 
16.0 110 
6.4 105 1. 68 ). 63 
7.9 103 
21 8.0 53 
2 6.0 52 
5 21.5 3 18 4 8 ).0 3 33 
2 27.4 4f 14 124 17.0 0 , 56 
oe 18.5 40 17 141 11.0 0 
3 22.6 {5 f 136 18.0 0 
_ SSO 17.6 61 is 24 10 0 
__ SS 17.7 122 24 OF 0 
10 WEEKS’ 
eae —2.5 54 0.14 
SR Ye 152 42 7.77 
ENE es §.1 85 .04 
eae 2.2 64 0) 3. 16 
17... 12.9 178 1.03 5. 16 
| ar 16.4 144 -12 
19.. — wane 7.6 145 2. 92 10. 42 
20. . uae 8.3 135 07 
. eae 8.7 70 Qg 
a 6.1 71 ‘ .10 
. ae = 32 17 147 6.3 0 $2 . 36 
ae 26.4 31 13 128 8.5 0 25 73 
. ae Be Net 42 17 141 13.5 0 22 
ae eee ee lvin 32 14 142 8.3 0 23 
_ SS 17.8 39 14 131 33.0 0 13 
SRS ee 18. 1 87 22 1! 63.0 0 17 
CONCLUSIONS 


The results of this investigation substantiate most 
of the conclusions arrived at in the 1932 investigation, 
modify two of the conclusions, and indicate some new 
conclusions. The conclusions substantiated are: 

1. Materials of high specific gravity and their resi- 
dues are, in general, more susceptible to changes in 
temperature than materials of low specific gravity and 
their residues. 

2. Hardening due to causes other than loss of volatile 
matter, and changes in inherent characteristics that 
may be attributed to oxidation, polymerization, and 
carbonization, occur to the greatest extent upon ex- 
posure and least during distillation. 

3. The development of a ductile residue either in 
the asphaltic-residue test or, in the case of cut-back 
materials, in the distillation test, does not 
that the material will develop a ductile residue upon 
exposure. 

4. The bonding strength of the original materials 
and their residues is roughly proportional to their 
consistencies, but materials having the same consistency 
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Vol. 16, 
residue 8 
EXPOSURE 
Vita glass 
erent ee Ductility at5|) 3 « = Bia 
———— = cmperminute 5% &O 
N - #8 3a 
Los = At77°| At 32 = > 2 ae 
oS F., 100 | F., 200 = At77° | At34°-| 34 ss 
= r 5 g, 60 = k 35 °F 23 25 
= sec sec =) 2 A SF 
— t ~ ~ 
Per Per S Centi- Centi Per- Pe 
cent ent nds I meters meters cent ce? 
12.7 3.3 45 
29.9 4 92 1. 22 6.85 
18.4 a¢ 34 
24.8 1. ¢ 47 47 3.7 
26.8 12.4 56 1. 28 4.64 
12.2| 14.9 04 
32.6 5. € OS 2.00 0. 22 
17.2 ¢ 
14.1 4 
19. 2 
27.3 21 53 16 17 10 0.0 2¢ 15 
27.7 6 0 14 26 12 0 3 64 
33.3 IS. S 59 21 134 18 0 
32.7 22 4 20 38 0 
9.7 7 2 ] 26 «6110 0 
19.8 17 2 2s Ot 110 
EXPOSURI 
14.1 3.3 Gi 0. 22 
30. 2 4.1 4} 1.73 8.1 
19. 6 PS 71 0 
23.9 2 6: 55 3. 45 
23. 1 12.6 297 1. 24 39 
12.9 16. 1 154 l 
34.3 6.9 133 2.99 10. 61 
19.4 8.6 125 1 
15.0 8.7 74 2 
20.4 6.1 s4 OR 
28.0 21.5 0 49 6 0 31 J 
29. 9 26. 7 6 30 7 0 30 ) 
33. 4 18.9 2 ) 16 16 0 24 
33.9 22 4 41 ll 0 zt 
33. 7 17 44 131 32 0 l4 
22. 2 18.0 3 7 117 65 0 
TABLE 13.—Results of stability tests on cylinders exposed 
plate and Vita glass 
Loss of bitumen Stability at 77° | 
— In 5 weeks In 10 weeks In 5 weeks In 10 
Plate Vita Plate Vita Plate Vita Plate 
Percent Percent | Percent Percent | P. ou nds Pounds Pounds 
XS » 2 l 2 l 250 275 
. a +) 5 8 7 700 850 
13 7 4 6 5 450 500 
14 4 2 4 3 400 500 
aa 13 12 15 13 700 650 
18_ 18 16 18 17 500 2 
19__ s 6 8 8 1, 000 1, 250 
20. . 5 7 8 8 500 500 
21... 8 7 ) 8 350 350 
= 5 4 6 5 200 200) 
26. ” 21 21 24 z 2, 650 3, 55 
= 23 28 30 30 1, 3 1, 575 
Sa 12 12 14 13 3, 7 4, 60M 
a pA 23 24 24 2 é 2, Bit 
31. 18 19 20 20 2, 2, 72 
Seiisintnin 18 17 19 20 1,72! 2, 200 
— P one ° 
The relative rates of volatilization of the vs iou 
materials can be anticipated most readily fron the 


as measured by the present tests do not always give | 


the same stability. The reasons for these differences 
in stability cannot be determined under the present 
methods of testing. 

The following conclusions 


are somewhat 
from 1932: 


modified 


distillation curves. The different classes of ma cra! 
may be differentiated in the loss and asphaltic-re idue 
tests, especially if the time of reduction to 100 ene- 
tration is considered. However, sharp distincti's !" 
initial curing properties, that may be of importa: «¢!! 
some types of construction, can be determined on!) 
| from the distillation curves 











ust 1935 


6. Carbonization generally occurs in materials that 
originally contain some material insoluble in carbon 
disulphide and carbon tetrachloride, but some materials 
with exceptionally high solubility in these solvents 
show a tendency to carbonize under both laboratory 
and exposure conditions. 

The following conclusions are developed upon the 
basis of the data collected in 1933 only: 

7. The Oliensis test is more sensitive than the micro- 
scopic test in the detection of materials that have 
been subjected to excessively high temperatures in 
manufacture. However, neither test seems definitely to 
distinguish products that will weather badly. 

s. The use of Vita glass in place of plate glass for the 
cover of the exposure boxes did not materially change 
the results. However, because of the lateness in the 
vear when these tests were started the results are 
considered inconclusive. 

9. If like periods of the year are used for exposure, 
satisfactory check tests can be obtained with the expo- 
sure assembly used in these investigations. 

Many of the laboratory heat tests have been criticized 
as producing conditions dissimilar to and more severe 
than service conditions. These investigations have 
shown that the physical and chemical characteristics 
generally believed to belong to unsatisfactory materials 
are developed upon exposure in many products that 
satisfactorily withstand laboratory testing. While it is 
possible, by the utilization of identification tests, to 
restrict materials to a limited number of sources or 
manufacturing processes, it is impossible to predict, 
with any degree of accuracy, the weather-resisting 
properties of the material thus obtained. It is believed 
that efforts should be directed to the modification of 
some of the present laboratory heat tests so that differ- 
ences in the tendency of various materials to develop 

insatisfactory residues may be recognized. 
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TABLE 14.—Co? 


Loss in 10 week » perce 
Penetration at 77° F 
Penetration at 32° F. 
Softening point, °F 
Ductility at 77° F., centin 
Ductility at 34°-35° F., 
meters 
Insoluble in CS», percent 
Insoluble in CCl,, percent 


Insoluble in 86° B. naphtl 


percent . 
Loss in 15 weeks, percent 
Penetration at 77° F 
Penetration 
Softening point, 
Ductility at 7 
meters 
Ductility at 34°-35° F., 
meters 
Insoluble in CS8:, percent 





Insoluble in CCly, percent 
i 


Insoluble in § B. napht 
percent 
TESTS 

Loss of bitume1 

In 5 weeks, percent 

In 10 weeks, percent 

In 15 weeks, percent 
Stability at 77° F.| 

Original cylinders, { 

After 5 weeks’ ex 

pounds 
After 10 weeks’ exposure 


I 
pounds 


After 15 weeks’ expo 


’ 
pounds... 
eeries ] 


ylinders, pounds 


Series 2, asphaltic res 


ylinders, pounds 


2, distillation residue 


. 206 


CES AFTER EXPOSURE 





32 and 1933 exposure tests 


Sample identification 


8 19 2 
9 } 932 1933 1932 ly 
§ Ss 12. 0 
2 52 40 44 ) f 
7 43 } 10 0) 4 
05 2 121 1 112 
0 0 110 f { 90.0 
7 0 0 Ss 
i 6. 50 
4.94 16.02 { 
7 7.3 | 4 8.7 | 26.8 24.2 
Mh 19.0 l 7 8 l 7 
3 el 29 67 “4 
2 an Ss 7 ~4 25 
f 20 28 2 20 
5 0 0 10 42. 0 72.0 
{ 4 .0 0 0 
6.17 | 7.50 
7 0 15. ¢ 18. 4 09g 
f 8.8 R.8 9 o8 27.2 
LD CYLINDERS 
S ( 8 7 } 8 
1) 10 1 2 - 
2 2 14 ] 3 
2 2 32 17 22 00 
SOK 82 7 150 77 725 
50 7 2.525 |1. 52 000 
1,650 (1,200 4,050 3,075 |1,975 | 1,250 
7H 500 ROO 625 500 50 


125 1,750 |4,900 |2,825 3,325 | 2,050 


lifferences in grading of the sand 
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STATE MOTOR-FUEL TAX EARNINGS, 1934 


[Compiled for calendar year from reports of State authoritie 
Classifieat { tax ¢ 
Tax rate 
per gallon 
Re- Net earr By rate of tax B eo! 
— Gross rates ings 
State Date of rate tax ete < on all 
‘ change S- cerned} motor- At reduce é 
sessed 4 oe fuel | 
~% = rate Rate vay 
: ' per Ar € 
¢ il 
1000 4) LA 1 000 
Cents Cents dollars de rs dollars dollars Cents ‘ 
Alabama 6 6 9, 299 9, 299 9, 299 
Arizona 5 5 3, 542 14 3, O28 3, 028 oN 
Arkansas 6 644) Feb. 3 8,118 254 7, 864 7,047 |6, 5, 4,2 s 7,481 
California 3 3 39, 621 3, 661 35,960 | 35, 960 el 
Colorado 94) 4 Feb. 1 and 7, 591 1, 11¢ 6, 47: 3, 719 { 2 756 6.47 
Sept. 1 
Connecticut 2 2 099 126 4,973 4,973 { 
Delaware 3 3 1, 246 61 1, 185 1, 185 &5 
Florida 7 7 16, 499 16, 499 1f, 499 
Georgia... 6 6 14, 36 4, 36 14. 366 
Idaho__-_- 5 F 3. 149 598 2 87] 2 R63 ai T 
Tilinois_- 3 3 0, 772 1, A4¢ 0, 12¢ 29, 126 20, 12¢ 
Indiana 4 4 18, 626 1, O76 7, 550 17. 550 = =a 
Towa____- 3 3 12,114 SA4 11, 25 11, 250 2 
Kansas 3 3 &, Sle &, 51 8, 516 QR Alé 
Kentucky 5 5, 9, 218 9, 218 9 218 
Louisiana 5 5 &, 923 &, 923 8, 922 $ 
Maine--- ‘ 4 146 4, 486 4,437 l 49 4, 437 
Maryland 4 4 442 7, 809 7,758 7, 800 
Massachusetts 3 3 6 633 17.002 || 17° 002 17° 002 
Michigan__- 3 3 22. O68 1, 090 1). O78 20, 961 - %). OF 
Minnesota___- ss 3 3 12, 150 1, 30 10, 845 0.84 
Mississippi - -._-.--- 6 6 7,519 631 6, 760 1 % 6. TH 
Missouri_----- ; 2 2 9, 810 235 9, 575 9. 57 
Montana- - ----- 5 5 4,274 610 3, 664 604 
Nebraska._..._._. 4 4 8, 667 o7 8. 570 8, 570 
Nevada... -- ae 4 4 G&S a4 894 So4 804 
New Hampshire--- 4 4 2, 826 80) 2, 746 2,746 74 
New Jersey--..-....-| 3 3 17, 035 1 17,034 || 17,032 2 2 | 17,032 
New Mexico--_--- 5 5 2, 809 2.557 9. 5ST 9 557 
New York 3 3 45,044 1,117 43, 927 43, 927 43, 92 
North Carolina 6 6 16, 788 | 306 16, 482 16, 421 l f 1f, 42 
North Dakota : 3 3 2, 906 644 2, 262 2, 262 2, 262 
Ohio_-__-_- A 4 4 38, 982 1, 364 37, 618 36, 409 | nm 16, 400 
Oklahoma. -.-.- 4 4 10, 817 10, 817 10, 817 10, 817 
Guage. ....... 5 5 &, 299 1, 047 7, 252 7, 246 l f 7, 24¢ 
Pennsylvania-___- 3 3 33, 409 33, 409 33, 409 
Rhode Island 2 2 2,177 120 2, 057 2, 057 2, 057 
South Carolina. - -- 6 6 7, 836 117 7,719 7,719 
South Dakota_ - $ 4 3, 960 195 3, 765 3. 570 2 gm 
Tennessee _ _ __- | 7 7 14,114 14,114 14,114 
| 4 4 5, 005 3, 365 1. 640 1. 64 
Utah- 4 4 2,514 5 
Vermont-_._- 4 4 1, 942 945 
Virginia--..-.. 5 5 13, 205 728 12, 477 12, 477 
Washington - _-_---- 5 5 13, 039 1, 080 11, 959 11, 959 
West Virginia- 4 4 5, 905 209 5, 696 5, 06 
Wisconsin - - - - -- 4 4 16, 829 1, 430 15, 399 15, 399 
Wyoming._.__-- 4 4 1, 764 sakes 1, 764 
Dist. ef Columbia 2 2 2, 077 14 2, 063 2, 0€3 
Detailed totals '* 424.634 | 2. 
Grand totals___-_- 17 3. 66 591,995 | 26,968 | 565,027 ||559, 729 5, 298 


























1 See preceding table for gross gallons of motor fuel reported, exemptions, 
allowances, etc., gross gallons taxed, gallons subject to refund, net gallons taxed, 
and information regarding classes of use exempted, subject to refund, or taxed 


at lower rates. 
2 The 


urpose of this classification is to distinguish between the tax earnings 


on motor fuel sold for use in motor vehicles on the highways and tax earnings 


on motor fuel sold for other uses. 


this distinction, the classification is omitted. 


In the case of those States that do not make 


3 Amounts less than $500 not tabulated. 
4In the great majority of cases the assessments or earnings of the calendar 


year were reported. 


which lag the assessments by 1 to 2 months. 


In most cases the refunds reported were those actually paid during the year, 
rather than refunds claimed on motor fuel purchased during the year. 


A few States reported the actual collections of the year, 


PUBLIC ROADS 


7 Includes $445,000 on 6-cent tax prior to Feb 
duced rates at State borders, as follows 


at 2 cents, $18,000. 
§ Estimated by State 


® Rate was 5 cents from Feb 


10 Retail gasoline station 
vehicle receipts. 


licenses, 


1! Includes distributors’ licenses ; 
12 Refunds are made on all nonhighway uses with the except 


in commercial motor boats. 
are included 


Other earnings in connect 
with motor-fuel tax 
Le In Other 
er Sspec- ¢ 
tion | ‘* 
el 
cense fees , 
€ 
1 00 Y, 
rs dollars | doll 
| 
4 
1 
7é 7 
‘ 9 
1 Q” 
i 44 
137 
Os Ss 
85 ] 
yu 
y M 
m1 
‘704 
; 
4 
11 
3 1 
0 141 | 1,099 45 


13, 1934, and 





At 5 cents, $7,000; at 4 


$45,000, 


1 to Aug. 31, 1934. 


included in re] 


Earnings on motor-boat fuel (amou! 


13 Includes $138,560, earnings on special gasoline tax collected 
counties (Hancock, Harrison, and Jackson) for seawall protect 
in penalties, less $2,629, refunds for notary fees. 


The 
error involved in deducting refunds paid from gross tax assessed tends to balance 
over an annual period. The refunds tabulated include both refunds of the entire 
tax and partial refunds. 

6 In the case of Arkansas and Colorado, where the rate was changed during 


the year, the tax earnings at the lower rates, 6 and 4 cents, respectively. are shown 
under this heading. 


14 Inspection fees on gasoline and kerosene; bulk of receipts « 


15 Includes dealers’ licenses 


16 Classification by use includes 36 States and the District of 


1? Weighted average rate. 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1924. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1927. 
5 cents. 

Report of the Chief of the Bureau of Public Reads, 1928. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1929, 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Reads, 1932. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 

Report of the Chief of the Bureau of Public Roads, 1934. 


DEPARTMENT BULLETINS 
No. 136D . . Highway Bonds. 


No. 347D . . Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10 cents. 


20 cents. 


No. 583D . . Reports on Experimental Convict Road Camp, 


Fulton County, Ga. 25 cents. 


No. 1279D . . Rural Highway Mileage, Income, and Expendi- 


tures, 1921 and 1922. 


TECHNICAL BULLETINS 


No. 55T ... Highway Bridge Surveys. 20 cents. 


No. 265T .. . Electrical Equipment on Movable Bridges. 
35 cents. 


MISCELLANEOUS CIRCULARS 


No. 62MC .. Standards Governing Plans, Specifications, 
Contract Forms, and Estimates for Federal- 
Aid Highway Projects. 5 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP . . The results of Physical Tests of Road-Building 
Rock. 25 cents. 


Federal Legislation and Regulations Relating 
to Highway Construction. 10 cents. 


Supplement No. | to Federal Legislation and 
Regulations Relating to Highway Construction. 


No. 191... . Roadside Improvement. 


The Taxation of Motor Vehicles in 1932. 


10 cents. 


35 cents. 
REPRINT FROM PUBLIC ROADS 


Reports on Subgrade Soil Studies. 40 cents. 








Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in PUBLIC ROADS, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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